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The Analytical Representation of Aeroplane Resistance 


Fitting Equations to the Experimental Curves 


In consequence of numerous accidents which have 
befallen aviators in the recent past, and which have 
justly aroused the emotions both of the general pub- 
lic and engineers and sportsmen, efforts have been 
made to determine the causes of such accidents in 
order, if not to prevent them entirely, at least to re 
duce their frequency to a minimum. 

The question of the stability of flying machines is 
properly one for the consideration of engineers and 
constructors. I have observed that in the theoretical 
discussions of stability brought forward by eminent 
engineers and experts, and particularly by Painlevé, 
Lecornu, and Soreau, it is always the air resistance 
presented by sustaining surfaces at very small inci- 
dence that is considered, and the discussions are based 
upon the use of empirical formule representing actual 
experimental results, but themselves valid only for 
small angles of incidence. 

It has seemed to me desirable, in order to be able to 
make a more complete investigation of stability, to ob- 
tain formule correctly representing the air resistance 
upon supporting planes for all angles of incidence. 

The exposition of these formule is the object of the 
present paper. 

The experiments of Lilienthal, recorded in his work, 
“Der Vogel Flug” (1889), and carried out on a track 


By Marcel Armangaud 


I will here recall the latest formule proposed by 
Soreau and Painlevé. The former author gives the 


following relations: 


Fig. 1—General Character of Curves Showing Pressure 
R for a Given Inclination Rr and Ry Are 
the Horizontal and Vertical Com- 
ponents of R. 


If the curve passes through the origin, 
have 


we thon 


a’? + 2Bay + Cy’ + Dx + Ey = 0. (1 


Hence, introducing the five conditions mention«d 
above, namely, 
= 0° 
a 
o) B and dy 0 
ly. =0 b dae 
Yo 
we find 
(l— 2a) a l ly 
b m m ° 
In the case in which the curve does not pass 


through the origin, but through the point A of the 
axis O’ y’, it will be sufficient to add a constant de- 
termined by the conditions 
z= 0 
Solving equation (1) for Y, we obtain 
y=—(ap+b) + + dp + e. 
The numerical application of this equation to LHiffel’s 
Tr 


eee 
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Fig. 2.—Lilienthal’s Curves. 
K total pressure 
Ke horizontal 


its components 
Ky vertical - 


or in the wind, and those of Rateau and Eiffel (1909- 
10), who worked with a fan blower, the blast of which 
is rendered homogeneous by means of a tunnel, show 
with practical certainty that the curves representing 
the effects of air resistance upon surfaces, all have 


Fig. 5.—Conic Fitted to the Ry Curve. 


pretty nearly the same general type, both as regards 
the total thrust R, and also its vertical and horizontal 
components R, R, which constitute respectively the 
sustaining force and the resistance to motion of the 
surfaces in question (Figs. 1, 2, 3, 4). 


* Translated from the Oomptes Rendus de la Soc. Ing. Civ. 
de France, 


K total pressure 
Kz horizontal pressure 
Ky vertical pressure 


R, = 
Rr = KSV(rq@’ + to + s+ 8’) 
The second author, on the other hand, states the 
conditions as follows: 


Ry = 
Rr = + f) 
K = 0.38 
tf = 0.01 


It will be seen that according to these formule the 
supporting force Ry, increases in linear relation with 
the angle of incidence, whereas in point of fact, from 
an angle of 20 degrees upward, this law is no longer 
exact; and for an angle of 30 degrees, which may be 
regarded as a critical angle, the supporting force 
passes through a maximum, after which it decreases 
very rapidly as the angle of incidence increases. 

It is therefore impossible to use this formula as a 
basis for a rigorous analytical treatment of the prob- 
lem of the stability of aeroplanes. The only justifiable 
procedure would be to draw up a table for varying 
speeds, from which more certain conclusions could 
then be drawn. 

Instead of using the above-given formule for the 
sustaining force, I shall regard the curve representing 
the force as a conic (Fig. 5) more particularly as an 
ellipse passing through three specified points, namely, 
the origin O or the point A upon the axis O’ y’, the 
point B at the maximum, and the point C upon the X 
axis corresponding to an angle of incidence of 90 de- 
grees. In addition to this the tangents at the points 
A and B are supposed to be given, the one at B being 
horizontal, inasmuch as the curve there passes through 
a maximum. 


60° 


Fig. 3.—Rateau’s Curves. 


plane 
} 30 x 500 


millimeters Ky 


curved 
plate 

300 x 500 
millimeters 


curves shows that this equation is that of an ellipse, 
since (B?—(C) <0. 

The objection might be raised to this mode of repre- 
sentation, that it does not conform exactly with the 
curves obtained by experiment. These, especially as 


Cab 4 


BOO 


Fig. 6.—Conic Fitted to the R Curve. 


given by Rateau and HBiffel, display a certain discon- 
tinuity after the maximum, or at any rate two points 
of inflection C’ C” (Fig. 1). But this objection is not 
serious, for the equation given represents correctly the 
maximum of the supporting force, that is to say, its 
critical value, and also the approximate law of de- 
crease of that force with the angle of incidence be- 
yond the maximum point. 
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As regards the resistance to a forward motion, R 
the formule given by Soreau and Painlevé are quite 
sufficiently accurate, for they represent fairly ex- 
actly in parabolic form, the course of the experimental 
curves 

If we work out the resultant of the two com- 
ponents, Ry and Ry, namely, 


R= + R, 


we »>tain a curve of the fourth degree. It would, 
however, be very much simpler to represent the 
resis;ance R by a curve of the second degree, 
suc as an equilateral hyperbola with asymp- 


totes ©’ A’, C’ B’ parallel to the co-ordinate axes: 


(Fig. 6.) 


y = 

This mode of representation, it may be said, has 
already been proposed by Hopkinson for a very similar 
curve, namely, the magnetization curve for iron. 

Development in a Fourier’s Series—-An almost ex- 
act representation of the air resistance curves can be 
obtained, if desired, by following the example set in 
the representation of alternating electric currents, and 
making use of an expansion in a Fourier series. 

As is well known, by this means any periodic or 
even non-periodic phenomenon may be represented, the 
latter under the conditions fixed by Dirichlet. 

As a matter of fact, inasmuch as a supporting sur- 
face can be presented at an angle of incidence » (Fig. 
7) varying from zero to 360 degrees, by rotating it 
about the point O, it will be seen that the resistance 
of the air actually does go through values which repre- 
sent a periodic function of the angle @ 
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A, A, A, A; are obtained by giving particular values to 
gy, or from the expressions 


1 n 
Ac 
no 
n 
Am f(@) sin 
no 
2amx 
Ba = = con( A 


by dividing the area of the curve into n strips of 
base A 2. 


Fig. 7—Diagram Showing Datum Line Used in Meas- 
uring Inclination g of Aerocurve. 


The components Rx and Ry, are given for a plane 
surface (for which RF is sensibly normal to the surface) 
by 

Ry = Rcos 
Re = Rsin 
We thus obtain 


Ai+A:\. 
( *) sin 29 sin 4p + 
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and a curve is obtained which approaches very 
closely to that of Lilienthal (Fig. 9). 

The coefficients B, B, C, C, calculated from the ex- 
pressions 


Ay Ay 
2 , 2 , 2 


also give satisfactory results for Ry and Ry 

It will be seen that the first terms in sin gm for R 
and in sin 2g and (1—cos 2q@) for R,and R, cor- 
respond to Rankine’s formule which we have pro- 
posed to apply in the case of concave surfaces with 
correct entrance. 

The study of the representation of air resistance by 
means of Fourier’s series therefore establishes the fact 
that these formule represent only the fundamental 
harmonies of the exact expression. 

It will further be noticed that if we compare the 
formula 


R= A, sin + A; sin 8p 
containing only two terms, with the formula given by 
Colonel Renard 


t 


R= Roo sini | 


the two formule are found to be closely similar, for 
we may also write 


a — (a —1) sin 2 


sint + —— sin 


\ 4 


R = Reo 


( 


or putting 


\ | | 


Fig. 4.—Eiffel’s Curves for Aerocurve 900 x 150 Milli- 
meters Having a Camber of 1/13.5. 


' 

Moreover, by using for our basis the air resistance 
experiments carried out by Eiffel, Rateau, and Lilien- 
thal, for a quadrant of 90 degrees, and reproducing 
the portion of the curve so obtained for the remaining 
three quadrants, a curve is produced having exactly 
the appearance of an alternating current curve (Fig. 
8). 

In the case of a curved surface or of a flat body hav- 
ing a certain thickness, where the resistance FR’ of the 
air upon the concave surface is greater than that upon 
the convex surface, it is only necessary, in order to 
produce the desired asymmetry to shift the axis of 
the X or gm to O’ @ below the axis O » which cor- 
responds to plane surfaces for which the curve is en- 
tirely symmetrical. 

As is well known, Fourier’s series takes the form 
y= Aisin + B, cos + A; sin 2g + B, cos 2p 

+ Ay sin 39 + B, cos 39 + 

If we take into account the fact that the curve for 

R in the case of a plane surface is symmetrical with 

regard to —, and also with regard to + (with change 
2 

of sign, however), the Fourier series reduces to 

y=A.sing+ A,sinig+ . 

In other words, it contains only terms with sines of 

odd multiples of 9g. 

If the curve does not pass through the origin, which 
is the case for a curved surface or one of a certain 
thickness, a constant term must be added, for the re- 
sistance of these surfaces is not zero for an angle of 
incidence zero (measured with reference to the chord 
of the surface as shown in Fig. 7) so that we have 
y= A, + A, sing + As sin3g + Assindo+. . 
As a rule a sufficient approximation will be obtained 
by retaining three of the sine terms. The coefficients 


= 


A 
— cos 28) + cos 4g + 


or still more generally 
Ry= Bi sin2g + 
Rez = C, (1 — cos 2g) + cops 4p +. 
In the case of a concave surface we have, in accord- 
ance with what was said above 
Ry = Ae cos g + B, sin 29 + B; sin 49 
Rr = Ay sin + Ci(1 — cos 2g) + cos 4@ 
Since the resultant R is not always normal, for con- 


. 


Fig. 9.—Air-Resistance Curve Represented As the Re- 
sult of Compounding Three Harmonics 


of a Fourier’s Series. 


j 

an expression which is also arrived at by starting 
from the formula which has been given by Soreau 


R= Ree sini + 7 Sin Bi 


Elastic Tar Oil Varnish.—The advantages of this var- 
nish consist in the fact that it is almost colorless, can 
be applied as a very thin coat and after a long time 
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Fig. 8.—Curve Representing Air Resistance as a Periodic Function of the Angle of Incidence. 


cave or thick surfaces, to the chord used as reference 
line for measuring the angle of incidence g, the co- 
efficients B, B,, C,C, will differ more or less from 
_Ai + As, Ar and As 
2 2 2 

Applying these formule to Lilienthal’s curve Fig. 
2, transformed into rectangular co-ordinates, we find 
the following values for the coefficients A: 


A, = 0.53 A, = 0.50 A; = 0.18 As = 0.15 


will show no cracks; it is consequently especially 
adapted as a coating for highly polished wood and 
for turned work. Take gum sandarac 6 paris, Ameri- 
can pine rosin 2 parts, mastic 2 parts, Venice turpen- 
tine, 2 parts, camphor 0.2 part, oil of lavender 0.2 part, 
tar varnish oil 24 parts, 90 per cent alcohol 4 parts. 
Melt the rosin and turpentine together, dissolve the 
camphor and the oil of lavender in the alcohol and add 
the solution to the rosins. 
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R= Re sinif 1 + 
1 + tan 2i : 


Fig. 1.—The Cab Wheel Which Operates the Taxi- Fig. 2,—Front of Taximeter, With Case Removed. A, Fig. 


tire; B, brake pulley; 
cc. spiral 


meter. A, 


controlling disk; B, main spring; S, “extra” 
drums; 7, 7’, T” Fore-registering Drums. 


Taximeter Frauds 
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3.—Details of Connections Between Cab Whee] 
and Taximeter. A, star-wheel; B, Flexible 
Transmission; (, Brake Shoes. 


How the Driver Contrives to Cheat His Fare 


Aut of the automobile cabs and 95 per cent of the 
horse-drawn cabs of Paris are provided with taxi- 
meters. The taximeter system is theoretically more 
equitable than the old tariff of rates by the hour and 
by the kilometer, but in practice it favors the pas- 
senger in short runs and the cab proprietor in long 

On the whole, however, the 
the taximeter is the facility 


journeys and long stops. 


most serious defect of 


with which it may be employed by a dishonest driver, 
to defraud either the passenger or the cab company. 

There are 
is the same, 


many types of taximeters, but the object 


ot all to make an automatic record of 


L | 


Fig. 4.—Shaking the Flexible Transmission 
by Means of a Cord. 


a charge increasing in proportion to the elapsed time 
or the distance traveled. The mechanism is operated 
by clock-work in the former case, and by a flexible 
transmission from a wheel of the vehicle in the latter. 

In the early the taximeter some drivers 
used to break the glass windows over the indicating 


days of 


wheels and turn the wheels by hand. This crude 
fraud was soon prevented by substituting windows 
of mica, so constructed that they cannot easiiy be 


broken by accident and show unmistable traces of in- 


Fig. 5.—Knocking Up 
Extra Charges. 


shown in Figs. 1 and 3, for the simple peg attached 
to the wheel, which was first employed. 

In order to understand more elaborate frauds it 
is necessary to know something of the mechanism of 
a taximeter register. A type commonly used in Paris 
is shown in Figs. 2, 7 and 9. 

The sum to be paid is indicated by those figures 
on the wheels T 7’ 7” (Fig. 2), which are visible 
through little windows in the upper part of the case. 
Through a larger window below appears onc of the 
five differently colored and inscribed sectors of the 
disk A. This disk controls the mechanism and is 


Fig. 6.—‘Pumping.’ 
A risky operation. 


turned by means of a rod, carrying a flag. When the 
rod is vertical with the flag at its top the mechanism 
is disconnected from both the wheel of the cab and 
the clock-work (the main spring of which is shown at 
B), and the sector marked Libre appears, indicating 
that the vehicle is disengaged. By turning the flag 
and disk until the blue sector marked 1 appears, the 
connections are made in such a manner that the taxi- 
meter registers the fare at the lowest rate of 33 cen- 
times per kilometer, while the white sector marked 
2 and the red sector marked 3 corresponds to rates 
of 40 and 50 centimes per kilometer. When the word 
Panne appears the clock-work is disconnected, and 


when the flag is again turned to the position Libre, 
the fare register returns, not to zero, but to 75 cen- 
times, the minimum charge, which usually corre 
sponds to a distance of 900 meters at the lowest rate. 
This minimum charge introduces a complication and 
necessitates the addition of a device which automati- 
cally sets back the registering drums to the proper 
amount when the flag is turned to the position 1, 2 
or 3. 

Below the sectors and on tlie same side of the 
instrument is another row of openings showing the 
extra charges (for luggage, etc.), marked on drums 
which are independent of the taximeter mechanism 
and are set with a key by the driver. On the op- 
posite face of the apparatus (Fig. 7) are three pairs 
of openings, through which appear the figures of the 
integrating drums which show the driver the num 
ber of kilometers traveled, the amount paid and tne 
time occupied in stops, during the entire day’s work. 

After this explanation, let us study more closely 
the operation of the drum which indicates the fare 
by the combined time and distance rate, and which 
is often made an instrument of fraud. This drum 
is turned, for distance, by a flexible transmission from 
the cab wheel to a cam which at each revolution, by 
the intermediation of a lever, pawl and ratchet wheel, 
advances the drum by one point, or ten centimes. 
The same result can be produced by a second pawl, 
moved by the clock-work. When the vehicle moves 
slowly this second pawl prevents the operation of 
the first one, and the charge is made according to 
time, but when a certain speed is exceeded the op- 
posite effect is produced and the charge is made ac- 
cording to distance. The instrument usually has a 
separate ratchet wheel and pawl for each of the 
three rates of fare. A triple drum mounted on the 
flag shaft blocks the two ratchet wheels which are 
not in use. 

The following are some of the frauds that can be 
practised with this apparatus. When the instrument 
is set for the lowest rate of fare the driver can 
add one or more francs or tenths of a franc to the 
recorded charge by pressing the “extra” button (Fig. 


tentional fracture. The makers of taximeters also 
found it advisable to substitute a pneumatic transmis- 
sion and, subsequently, the star-wheel and _ spiral 


| 


Lhe 


Fig. 7.—-Side View of Taximeter. A, Flag-Staff ‘Fig. 8—Another Type of Taximeter. A, Support of Fig. 9—Back of Taximeter. A, Ratchet Wheel of 


B, Lever for Topping Flag; C,, C,, Devices 
for Returning Drums to Zero; D, 
Winding Pin; L, Windows in Front 

of Integrating Drums, 


Plate Indicating the Tariff. 


Distance-Integrating Drum; B,, B,, B,, Pawls 
for the Three Tariffs; C, Device for 
Returning Drum of Franes to Zero; 

D, Triple Ratchet Wheel. 
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5) und striking the back of the case with his hand. 
When the fare indicator marks 0.95 francs, 1.95 
francs, 2.95 francs, ete., several tenths of a franc 
can be added by moving the flag backward and for- 
ward rapidly (Fig. 6). 
The sums added by this operation, which is known 
umping,” do not appear on the record of the 


as 
day work which is registered by the integrating 
drunis. Hence they are not subject to the usual de- 


duction of 75 per cent for the account of the cab 
ecmpany, but constitute a net profit for the driver, 
ever if he does not own the vehicle. The trick re- 
quires some skill and is not free from risk, for if 
the lag is not brought forward quickly enough, the 
whole record vanishes and the thief is caught in his 
ow) trap. 

4 common fraud consists in accelerating the move- 
of the clock-work by tightening the springs, so 
tha: a charge of one hour is made for a journey of 
foriy-five minutes. In this case, the driver usually 
sets the hands of the clock wrong in order to conceal 


men! 
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the fraud. Hence a taximeter clock that does not 
give the correct time should be regarded with sus- 
picion. Another fraud is perpetrated by impressing 
a vibratory movement on the flexible transmission by 
means of a cord (Fig. 4) and thus causing the drum 
of tenths of a franc to advance. 

A driver who owns his vehicle can cheat his cus- 
tomers continuously by replacing the cab wheels by 
smaller ones or the star-wheel by one having fewer 
teeth. He can also displace the plate inscribed with 
the tariff number (A, Fig. 8), so that the customer 
thinks he is traveling at the lowest rate, while he 
is really being charged at the highest. A gain of 
several inches in each revolution could be made by 
keeping the tire of the wheel which operates the taxi- 
meter only half filled with air, but this fraud is sel- 
dom perpetrated intentionally because a slack tire 
wears out very rapidly. It is more profitable to 
raise the wheel and start the motor, during a halt. 
As the wheel at the opposite end of the axle is on 


“the ground, the raised wheel which operates the taxi- 
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meter rotates with twice the usual speed correspond- 
ing with the speed of the motor, owing to the action 
of the differential. The appearance of the customer 
or a policeman is the signal for applying the brake. 
M. Jacques Boyer, who describes these tricks of the 
trade in La Nature, was informed by one of the fra- 
ternity that it is not safe to give the raised wheel a 
speed greater than 20 kilometers (12% miles) per 
hour and that the operation can seldom be continued 
longer than fifteen minutes within the city limits. 
The maximum profit, therefore, is about 1.65 francs 
or 32 cents at the lowest tariff. 

M. Boyer concludes by mentioning a fraud perpe- 
trated by the driver to the detriment of the cab com- 
pany. This is accomplished very simply by discon- 
necting the star-wheel from the vehicle so that no 
record of distance is made. The driver then carries 
an unscrupulous passenger a long distance for a com- 
paratively small fare and turns in to the company 
only the initial charge of 75 centimes which has been 
recorded by the taximeter. 


Wireless-controlled Boat 


An Unmanned Craft Directed from the Shore 


Durtne the last three years successful experiments 
in the control of small vessels by aerial electric waves 
have been made in France, where Gabet has operated 
torpedoes in this way, and in America, where Antho- 
ny has applied the same principle, with very satis- 
factory results, to the guidance of a small dirigible 
balloon. 

The most remarkable achievement in this line, 
however, has recently been accomplished in Germany, 
where two unmanned motor boats, 33 and 50 feet in 
length, have been steered, stopped, started and con- 
trolled in every way by electric waves, transmitted 
from the shore without the use of wires. The sys- 
tem employed is the invention of Christoph Wirth, a 
normal school teacher of Nuremberg. It has been 
perfected by years of experiment, conducted by Wirth 
and his partners, the manufacturer Beck and the 
merchant Knauss, and is protected by numerous Ger- 
man and foreign patents. Its field of application is 
not confined to the mere steering of a vessel, but in- 
cludes the starting, stopping and reversing of an elec- 
tric, steam or explosion motor, the firing of mines, 


the members of the canal company and the electro- 
technical society of Nuremberg. 

Then the German Fleet Club invited the inventors 
of the system to give a public exhibition in Berlin 
early in July, with a boat 50 feet in length, having 
combined electric and gasoline propulsion. The ap- 
paratus was adapted to the larger boat and a trans- 
mitting station was constructed in a few days, and 
the first public demonstraion was also the trial trip. 
A harp antenna of four wires was stretched from the 
cupola of the Kaiser Pavilion, on the shore of Lake 
Wann, to the balcony of the restaurant, where the 
transmitting apparatus was installed. This appara- 
tus consisted of a Ruhmkorff coil of 25 volts and 2%. 
amperes in the primary circuit, an inner and an outer 
oscillatory circuit, and the requisite condensers and 
tuning coils. The various operations performed on 
the boat (setting the rudder aport, astarboard, and 
amidships, starting, stopping and reversing the mo- 
ters, ringing bells, firing shots and discharging fire- 
works) were accomplished by means of a single train 
of waves which was broken up into Morse signals by 


Fig. 


torpedoes and signal guns, the ringing of bells, the 
lighting of electric lamps, and many other operations, 
se that the system may be employed for the complete 
control of an unmanned vessel by wireless electric 
waves and for numerous other purposes. 

The first decisive success was attained last year in 
the control of an electric launch on a iake near Nu- 
remberg. The vessel was 33 feet long, and was 
equipped with a 4% horse-power motor, operated by 
an accumulator battery of 80 volts and 300 ampere 
hours. The first public demonstration was given in 
May, 1911, with the same boat, before the German 
Fleet Club, which met this year in Nuremberg. The 
unmanned boat fired a signal shot and then set itself 
in motion; attaining a speed of 8 or 10 miles per hour 
and veering to right or left, or holding a straight 
course, in prompt and exact obedience to the com- 
mands given by members of the Fleet Club to the 
wireless operator stationed on the balcony of a light- 
house. Each order was obeyed within 1% seconds, 
and its receipt by the boat was automatically reported 
ba*k to the shore by an ingenious system of signal 
lights, The maneuvers were continued for several 
hours. 

Similar demonstrations were given, soon after- 
ward, in the presence of Prince Ludwig of Bavaria, 


1—The Thirty-three-foot Electric Launch with Wireless Control, Shown at Nuremberg. 


pressing a key. The boat was equipped with an an- 
tenna, a receiver, a tuning device, a distributor, elec- 
tric steering apparatus, signal guns and lights and 
firework apparatus. The tuning of the receiver could 
be arbitrarily altered by a long pressure on the trans- 
mitting key (a Morse dash). When the transmitter 
was then adjusted to the new pitch the effective di- 
rection of the boat could be resumed, without dis- 
turbance by signals emanating from another trans- 
mitter tuned to the original pitch. By operating in 
this manner and sending ten useless signals for 
every effective one the wave length actually em- 
ployed can be concealed from an enemy and the 
smooth operation of the boat assured, as no interfer- 
ence is produced by an occasional wave of the right 
length or by slight atmospheric disturbances. In 
the evening exhibitions the usefulness of the appara- 
tus for the purpose of firing mines was demonstrated 
by a discharge of fireworks from the unmanned. boat. 

The Wirth system can evidently be employed suc- 
cessfully for controlling aerial as well as nautical 
vessels, for stopping railway trains and for many 
other purposes. In time of peace it will prove val- 


uable rescuing persons from shipwreck by means of 
a closed and unsinkable boat which, directed by wire- 
less signals from shore, can approach and throw life 


lines to the stranded vessel when wind or distance 
from shore makes the ordinary rocket apparatus 
useless. The motor boat with wireless steering will 
also be useful for towing among targets for naval 
artillery practice. 

A self-propelling torpedo with wireless control is 


Fig. 2.—Dirigible Torpedo with Float for Antenna. 


the ideal weapon for coast defense. The construction 
of such a torpedo is illustrated by the accompanying 
diagrams. A torpedo of a known type, provided with 
a float to carry the antenna and receiving apparatus, 
is shown in Fig. 2, and a new type, which dis- 
penses with the float, is illustrated in Fig. 3. 

In each diagram a denotes the antenna, bb signal 
masts, cc signal lamps (invisible from the front), 
d@ the float or the fin, f the receiver, g the tuning de- 
vice, h the wave distributor, i the torpedo proper, k 
the detonator, 7 the explosive charge, m the com- 
pressed air chamber, n the motor, oo the propellers, 
p the electric steering apparatus, and gq the rudders. 

In the new type shown in Fig. 3 the support for 
the antenna and signal mast is attached directly to 
the torpedo, like the dorsal fin of a fish. A self-pro- 
pelling torpedo of this type is exempt from the limi- 
tations of caliber which apply to torpedoes that are 
discharged from tubes, and it may be made large 
enough to carry a charge sufficiently powerful to 
annihilate the mightiest of dreadnoughts. It is not 
necessary to emphasize the economical advantage 
which dirigible torpedoes possess over non-dirigible 
torpodoes, because of the greater proportion of hits 
to misses which is made by the former. 

The defensive utility of the invention is not con- 
fined to-its application to torpedoes. With its aid the 
Japanese could have brought into place and sunk the 
numerous vessels which they employed to block the 


Fig. 3.—Dirigible Torpedo with Attached Antenna 


entrance to the harbor of Port Arthur, without risk- 
ing the life of a single man. 

Whether the invention, some details of which are 
still kept secret, will be purchased by the German 
government or will, like the inventions of Zeppelin 
and Parseval, be exploited, by a private company, 
cannot yet be stated with certainty. 
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Tue fundamental maxim of the Heraklitean philos- 
ophy wavrayst and the saying of Ludwig Bornes, 
“There is nothing permanent but change” bring out 
eloquently a fact which is uppermost in the conscious- 
ness of every observing and thinking mind, namely, 
that all things are in a state of perpetual movement 
and change, in perpetual flow, as it were, and that 
nothing in the material world has a permanent exist- 


The infinite variety in the appearance of things 
Substances 


ence. 
presents to us an ever-changing picture. 
undergo transformations, in part by “chance,” in part 
through the intervention of man; new substances are 
born seemingly nothing; and stable substances 
vanish apparently into nothing 

The burning of a candie in air represents a classical 
example of a substance to all appearances vanishing. 
From the naive point of view, such as that of the 
child, the candle and its substance is apparently com- 
pletely destroyed by the process of combustion, its 
constituents seem to be annihilated. Only upon a 
closer study of the process do we discover that the 
substance of the candle is merely transformed from 
the solid state into gaseous form, in which it becomes 
invisible to the eye, although it can still be detected by 
other means. If, for example, the candle is allowed 
to burn down in a perfectly dry glass bottle, it is 
observed that the inner walls of the bottle become 
covered with a coating of moisture. Upon pouring a 
clear solution of calcium hydroxide in water, so-called 
lime water, into the vessel, and shaking, the liquid 
is found to become turbid. This effect is very easily 
explained when we remember that the material from 
which a candle is made contains hydrogen and carbon, 
elements which; upon combustion, combine with oxy- 


from 


gen, forming water and carbon dioxide respectively. 
This last. sometimes spoken of as carbonic acid gas, 
has the property of uniting with the lime in the clear 
lime water, forming calcium carbonate, which is com- 
paratively insoluble in water and causes the turbidity 
spoken of above. 

A simple experiment can be made to show that, far 
from any loss of matter occurring, on the contrary 
the products of combustion weigh more than the un- 
burnt candle. This is due to the fact that a portion 
of the atmospheric oxygen has been chemically ab- 
sorbed. To carry out this experiment, we can make 
use of an apparatus as depicted in the accompanying 
illustration. The candle is introduced into a glass 
cylinder closed at the bottom with a cork having a 
number of perforations. The upper end of the tube 
communicates ‘hrough a narrower glass tube with a 
U-tube charged with small pieces of caustic soda. This 
substance absorbs carbon dioxide with formation of 
sodium carbonate, and also arrests the water formed. 
After inserting the candle through one of the perfora- 
tions in the cork stopper, the whole apparatus is sus- 
pended from one beam of a chemical balance, and is 
counter-poised by placing the requisite number of 
weights upon the opposite pan of the balance. The 
free end of the U-tube is then connected to an aspira- 
tor, so as to produce a uniform draught of air through 
the apparatus, the candle is taken out, lighted, 
and quickly re-inserted. It is now allowed to burn 
down in the apparatus. After completion of the com- 
bustion, the aspirator is disconnected from the U-tube, 
and it will now be observed that the balance beam 
upon which the apparatus is suspended descends, and 
that, in order to re-establish equilibrium, it is now 
necessary to add weights on the opposite scale pan. 
The additional weights thus put on indicate the weight 
of oxygen which has been absorbed from the air in the 
process of combustion. 

It is well understood to-day that the plant growing 
up from a seed draws the material necessary for its 
growth from its surroundings. The giant tree rearing 
its mighty structure from a small germ, derives its 
nutriment from the air, from the earth. It was formerly 
supposed that water was the substance required for 
growth. A classical example showing the early views 
on this subject is an experiment performed by the 
famous Dutch physician and scientist van Helmont in 
the seventeenth century, who placed two hundred 
pounds of dry earth in a stone jar and planted therein 
a young oak sapling. He watered this with distilled 
or rain water only. Dust was kept away by means of 
a cover made of perforated tin plate. In the course 
of five years the oak had grown into a tree. Helmont 
dried the earth again and found the weight of earth 


* Translated for the Sctentifie American from “Reclama Universum.” 
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Matter Indestructible and Uncreatable 


The Conservation of Mass 


By Dr. Max Speter 


now two hundred pounds, less about two ounces, and 
concluded that all plants growing upon the earth are 
formed from water alone. The growth of a plant 
might, in fact, be cited as a typical example of matter 
coming into existence seemingly from nothing. It is 
only upon a closer scrutiny of the circumstances that 
we trace the avenues through which the requisite 
materials for the process of growth are received. 
We have not, in point of fact, here a case of the 
“creation” of matter. 

The processes described above take place under con- 
ditions allowing the free interchange of material be- 
tween the growing organism and its surroundings, 
especially the atmosphere. They do not enable us to 
draw up an accurate balance sheet of the quantities 
of material taking part in the process. Such an ac- 
count can be rendered in indubitable terms if the ex- 
periments are carried out in closed vessels. It is 
only through experiments carried out under these pre- 
cautions that we can judge, whether, in the trans- 
formations of matter, or in other words, in chemical 
reactions, the amounts of the substances reacting 
upon one another, remain constant, and, in conse- 
quence, whether matter is indestructible and uncreat- 
able. 

Long before experimental methods came into use 
for the decision of scientific questions, the constancy 
of matter formed a fundamental principle of ancient 
Greek philosophy. Thus Melissos postulated “that 
nothing can arise from nothing, and that therefore 


Apparatus for Demonstrating That When a Candle 
Burns, the Total Weight of the Products 
of Combustion Exceeds That 
of the Candle. 


whatever is, always was and always will be;” very 
similar theorems were enunciated by Empedocles and 
Democritus. Among later philosophers who expressed 
similar views may be mentioned Gassendi, the resusci- 
tator of the ancient atomic hypothesis (1624), and 
the great Kant, who said: “Through all the changes 
of natural phenomena, the substance persists, and its 
quantity is neither increased in nature nor dimin- 
ished.” On the other hand, some of the great pioneers 
of science regarded this principle as axiomatic on the 
basis of experiment. Among these were Mariotte, 
Lomonossow, Lavoisier. But it might be said that 
the full establishment of the principle as an indis- 
putable law of nature has only been furnished com- 
paratively recently by the extended researches of the 
physical chemist Hans Landolt, late of Berlin. 
Landolt set himself the problem of determining ex- 
perimentally whether substances undergoing chemical 
transformation show any change in their total mass. 
To determine the mass directly is practically impos- 
sible. But inasmuch as at a given locality upon the 
earth’s surface the mass and weight of a given body 
are strictly proportional, Landolt’s problem reduced 
itself to the investigation whether the total weight 
of the reacting substance remains constant. For this 
purpose he took a glass tube having the shape of an 
inverted U, and introduced into each of the two limbs 
one of the two reacting substances. Upon these two 
substances coming in contact, a chemical reaction takes 
place. By placing them in the first instance in the 
two separate limbs of the tube, the reaction is, for 
the time being, prevented. The tube is closed by 
fusion, and weighed with the greatest precision. The 
tube is then simply inverted, thus allowing the react- 
ing substances to mix. If, for example, one of the 
limbs contained a solution of silver nitrate, the other 
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sodium chloride solution (common salt), then, upon 
mixing, these two substances form insoluble silver 
chloride and sodium nitrate, which latter remains in 
solution. After the chemical reaction is complete, tie 
weight of the closed tube is once more ascertained. 

In repeated weighings of the tube before inversion, 
that is to say, before the reacting substances were al- 
lowed to mix, Landolt found, in the course of his first 
two years’ series of experiments, that the differences 
in the observed weights amounted to about twelve to 
30 thousandths of a milligram (180 to 450 millionths 
of a grain). After the materials had been allowed to 
react by shaking the tube, the weights observed in 
repeated weighings now ranged on either side of the 
original mean between extremes differing by about 
two to 177 thousandths of a milligram (30 to 2,700 
millionths of a grain). It must therefore be concluded 
that the weight is absolutely constant. 

These experimental results were also confirmed by 
other observers. The Berlin physicist, Heydweiller, 
however, found a loss of 26 to 217 thousandths of a 
milligram (390 to 3,250 millionths of a grain) in 19 
out of 21 experiments, these losses being, as will be 
seen, too great to be ascribed to ordinary experimental 
error. Landolt, therefore, in his second series of ex- 
periments, extending over five years, subjected the 
problem to a renewed experimental investigation. He 
used a balance specially constructed for his experi- 
ments, at a cost of $1,300. With this balance it was 
possible to determine a few thousandths of a milli- 
gram with certainty in a load of about 600 grams. 
Out of 18 cases, 15 showed losses in weight. The sup- 
position therefore suggested itself, that the change in 
weight, in spite of its extreme smallness, represented a 
real phenomenon connected in some definite way with 
the chemical reaction. It seemed not improbable that, 
somewhat as in the case of radioactive disintegrations, 
small particles of matter are thrown off in the course 
of reaction, and escape through the glass walls, thus 
leading to a loss in weight of the tube and its con- 
tents. 

Landolt, however, saw indications that these losses 
of weight were due to physical causes. In spite of 
the rather hopeless prospects of the investigation, he 
pursued the problem with dogged tenacity. In a 
third series of experiments, lasting about one year, he 
succeeded in establishing the fact that the regular 
losses in weight observed were in no way connected 
with the chemical reaction. He succeeded in demon- 
strating that two sources of experimental error, until 
then overlooked, caused a spurious appearance of a 
loss in weight. The first cause of trouble was the 
well-known film of moisture which adheres to every 
body exposed to the atmosphere. It is a familiar fact 
that a glass surface which has been carefully wiped 
clear is, in a comparatively short time, coated with 
a film of moisture. This film has an appreciable 
weight. There is no difficulty in showing with any 
delicate balance that a freshly wiped glass article 
gradually gains in weight. This film of moisture is 
driven off by heating. In the chemical reactions 
which took place in the vessels used by Landolt, a 
certain amount of heat was developed. The result of 
this was a certain diminution in the film of moisture 
upon the U-tube, the original moisture being restored 
only in the course of two or three days. At the same 
time, the rising temperature, due to the reaction, also 
caused an expansion of the volume of the glass vessel, 
resulting in an apparent loss in weight, in accordance 
with Archimedes’ principle, owing to the increased 
volume of air displaced. It required two or three weeks 
to bring the volume of the vessel back to its original 
dimensions. It is owing to the over-looking of these. 
two sources of error by Landolt in his previous work, 
that losses in weight were observed, giving the appear- 
ance that chemical reaction was attended with diminu- 
tion in mass. 

In the light of the knowledge thus gained regarding 
the systematic experimental errors involved, Landolt 
was able to apply suitable corrections to his earlicr 
experiments. The upshot of all his work, taken [o- 
gether, is expressed in his final conclusion, “that 
chemical reactions proceed without observable changes 
in total weight. As there seems to be no prospect of 
pushing the precision of the experiments further 


than the degree of exactness attained, the experimen(s! 
proof of the axiom of the conservation of mass muy 
be regarded as fully established.” 

From the constancy of the weight of the reactins 
substances, Landolt was able to infer the constan ’ 
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of tvcir masses, inasmuch as weight is strictly pro- 
porti:nal to mass. Now mass can also be determined 
in t-rms of the resistance offered to changes in vel- 
ocit The physical inertia of a body is a measure of 
its ass. Looking at the matter from this point of 
view the law of conservation of mass may be tested 
by (termining whether the inertia of substances in 
chem ical reaction remains constant in the progress of 
such reaction. The physicist Joly designed an ingeni- 
ous «xperiment for this purpose. He attached a vessel 
similar to that used by Landolt to the arm of the 
torsion balance. Such a balance is based on the tor- 
sion of a wire or fiber, which is calibrated by twisting 
it in‘o varying displacements from the normal equilib- 
rium position by the application of known forces: The 


arm of Joly’s torsion balance was placed at right 
angles to the line of motion of the earth through 
space. The mass of the substances in the vessel pos- 
sessed an energy of motion (kinetic energy) corre- 
sponding to the velocity of the earth through space— 
50 kilometers (31 miles) per second. If, now, upon 
mixing the reagents, an increase of mass occurs, there 
will be an increase in kinetic energy, and therefore 
a retardation. The torsion balance will, therefore, 
show a deffection. A similar argument applies in 
case there should be a diminution in mass. As a 
matter of fact, the results of Joly’s experiments were 
entirely negative, in complete agreement with Lan- 
dolt’s conclusions. 

Another most convincing proof of the constancy of 
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mass is furnished us on a gigantic scale by the solar 
system. The rate of revolution of the planets about: 
the sun depends, as is well known, upon their masses. 
Since, then, the length of the year has not undergone 
the slightest change within prolonged ages, we may 
immediately conclude, that in spite of the most varied 
and profound chemical changes occurring both upon 
the earth and upon the sun, the masses of these 
bodies have not suffered any diminution or increase. 

Infinite is the variety of the transformations of 
matter, immeasurable the possibility of its further 
changes. An immovable pole, as it were, in the flight 
of events, stands the fundamental conviction of the 
human mind, that matter has neither beginning nor 
end, is uncreatable, indestructible and eternal. 


The Characteristics of the Observational Sciences 


A Plea for Experimentation Independent of Theory 


Av the recent meeting of the British Association 
Prof. H. H. Turner chose “The Characteristics 
of the Observational Sciences” as the subject of his 
presidential address, and we might say that he 
pleaded for an appreciation of observations as such, 
without regard to hypotheses and to results achieved, 
and irrespective consequently of any particular ob 
ject. 

Sir G. H. Darwin had said in 1886, at Birming- 
ham: “A mere catalogue of facts, however well ar- 
ranged, has never led to any important generaliza- 
tion. For in any subject the facts are so numerous 
and many-sided that they only lead us to a conclusion 
when they are marshalled by the light of some lead- 
ing idea.” That opinien had also been held by 
Charles Darwin. With the utmost respect Prof. 
Turner wished to question whether that criterion 
went deep enough. 

Advance was not only dependent on the existence of 
a theory: Tycho had had no theory, but had per- 
ceived the need of observation. Mr. W. W. Campbell, 
when appointed director of the Lick Observatory in 
1900, had observed the line-of-sight velocities of as 
many stars as possible, and the mass of observation 
had told a wonderful story. When the stars were 
grouped according to their spectral types, the aver- 
age velocities differed, and. when the spectral types 
were arranged in the particular order, which for quite 
independent reasons was believed to be that of the 
development of the stars, there was a steady increase 
in the velocities; to put the matter in a nutshell, 
the older a star was, the quicker it moved. Thus 
the catalogue of facts accumulated by Mr. Campbell 
had led to a most important scientific generaliza- 
tion—a direct negative to Sir G. H. Darwin’s open- 
ing sentence. In commenting upon his observations 
Mr. Campbell had said in the Bulletin of the Lick 
Observatory of April 20th, 1911: “That stellar veloci- 
ties should be functions of spectral types is one of 
the surprising results of recent researches, for we 
naturally think of all matter as equally old gravita- 
tionally. Why should not the materials composing 
a nebula or a class B star have been acted upon as 
long and as effectively as the materials in a class M 
star? . . . The established fact of increasing 
stelar velocities with increasing ages suggests the 
questions: Are stellar materials in the ante-stellar 
state subject to Newton’s law of gravitation? Do 
these materials exist in forms so finely divided that 
repulsion under radiation pressure more or less 
closely balances gravitational attraction? Does grav- 
ity become effective only after the processes of com- 
ination are well under way?” 

This scientific advance, Prof. Turner continued, 
was not suggested by any leading theory; but would 
the merits of the observational work have been less 
if no such immediate induction had presented itself? 
“It is so natural to judge by results, and so difficult 
to look behind them to the merits of the work it- 
self, that I shall not easily carry others with me in 
claiming that the merits of the observer shall be 
assessed independently of the results.” Proceeding, 
Prof. Turner referred to Prof. Kapteyn’s di- 
vision of the great mass of bright stars into two dis- 
tinct groups, flying one through the other, and to the 
discovery by Prof. Boss of a _ special cluster in 
the constellation of Taurus, moving in parallel lines 
like a flock of migrating birds. There was a large 
flat cluster migrating just over our heads so that 
one member of it (Sirius) was only three or four 
light years from the sun, the cluster itself being 
about a hundred light years from end to end. It was 
true however, that, according to Mr. Campbell, the 
observations of this cluster (made largely at Lick) 
appeared to be vitiated by a systematic error, which 


* The account here given is an abridged version of the report published 
in “ Engineering.” 


would assign a spurious velocity of 5 kilometers per 
second to stars of the B spectrum type in their ap- 
parent outward motion from the sun. 

Continuing his main line of argument Prof. 
Turner pointed out that Bradley had discovered the 
aberration of light and the nutation of the earth’s 
axis, and had been on the track of the discovery of 
the variation of latitude, not by any heip from New- 
ton, but by accumulating a mass of observations. 

With respect to the exceedingly complex tempera- 
ture and rainfall curves, Prof. Schuster had given 
the vitally important advice to disregard all hypothe- 
ses—most of those tried had failed—and to make a 
complete analysis of the records. The labor was 
great, of course. When a 90 years’ record was tested 
for a frequency of 9 years, there would be 10 periods; 
when tested for 10 years there would be only 9 pe- 
riods, and one period was thus lost; a frequency of 
9 years and one day would not be distinguishable 
from that of 9 years, since the phase would only 
change 1 degree in the whole availabie series of ob- 
servations. In the course of time, however, when 
the 90 years had become 900 years, the differences 
of phase would approach a complete cycle. Thus the 
length of the series was an important factor. Pro- 
fessor Schuster had indicated a beautiful analogy. 
Testing for a periodicity was like examining a source 
of light for a definite bright line; the length of the 
series corresponds to the resolving power of the 
optical apparatus, and in that respect the optical 
instrument offered superior ease and simplicty. Ulti- 
mately an instrument of the greatest possible resolv- 
ing power would be needed; but it would be advis- 
able to begin with a small instrument. A large 
instrument would, e.g., be required to decide whether 
a yellow line was due to sodium or to helium; a 
small instrument might suffice to demonstrate the 
absence of any yellow line and to rule out both pos- 
sibilities. But the resolving power and the length 
o? observations had to be increased as the investiga- 
tion proceeded. When Prof. Schuster began that 
research, a sun-spot period of 11% years had been 
considered as established; he found other periods of 
4, 8, 14 years, howevér, and some of these were pos- 
sibly harmonics of a major period of some 33 years. 
In any case, however, his conclusion had resulted 
from a mere examination of observed facts, while 
previously scientists had hunted for particulars to 
account for the 1l-year period. Prof. E. W. 
Brown had in 1900 ascribed the 11-year period to the 
tidal action of Jupiter altered by Jupiter’s eccen- 
tricity and by the motion of Saturn, and had be- 
lieved he could account for the anomalies of the ob- 
servations by this hypothesis. 

Turning to stars again, Prof. Turner mentioned 
that N. R. Pogson had, in 1853 to 1860, conducted a 
series of excellent observations on the variable star 
R. Urse Majoris; he had then unfortunately assumed 
that he knew all about this star, and had taken only 
sporadic observations in the succeeding years. But 
he had overlooked that the interval between two suc- 
cessive sunrises was not constant; the average was 
24 hours, and it had exactly that value at midsum- 
mer; in March the interval was two minutes less, and 
there was a regular swing backwards and forwards, 
with a sensible halt at the extreme values. Pog- 
son’s first observations had been made at the time 
of halt, and he had concluded that the eleven-times 
repeated variation would continue in the same way. 
Unfortunately, the period had just then been begin- 
ning to change sensibly, and the break in the obser- 
vations had been disastrous. 

Another method for dealing with large masses of 
chservations was that of Prof. Karl Pearson, 


who likewise ceased to look for one principal factor, 
and examined all possible factors (instead of Schu- 
frequencies). 


ster’s When Prof. Pearson’s meth- 


od was applied to Chandler’s catalogue of variable 
stars, which gave particulars of each star in separate 
columns, not grouped to leading ideas, correlations 
were at once indicated. A variable-star maximum 
appeared, subject to a swing to and fro like the time 
of sunrise. If the average interval were called the 
day of the star, the period of the swing its year 
(without implying anything more by these names 
than appeared in the analogy), Professor Turner had 
found that the day and year were correlated, the 
value of the coefficient being r = 0.56 + 0.08. The 
days of many stars were much better known than 
their years; and the revision of the years tended in 
the direction of his formula; in the case of our sun, 
the day would apparently be eleven years, and the 
year amount to seventy-five years. 

Prof. Turner alluded to the discovery of the eighth 
satellite of Saturn by Prof. W. H. Pickering. It had 
led directly to the recognition of the retrograde motion 
and to a revision of the past history of the solar sys- 
tem. Incidentally it had stimulated the search for 
other new satellites, resulting in the discovery of a 
curious pair to Jupiter and of the eighth satellite to 
that planet, which had again suggested an eminently 
successful method of work on cometary orbits. “If we 
judge scientific work by its results, we must take into 
account all this subsequent history in our appreciation 
of Prof. Pickering’s achievement. But whether we do 
or not is probably a matter of indifference to him; for 
the true observer is, above all things, an amateur, 
using the word in that splendid sense to which Prof. 
Hale had introduced us: “The amateur is the man who 
works on astronomy because he cannot help it, because 
he would rather do such work than anything else in 
the world, and who, therefore, cares little for hamper- 
ing traditions or for difficulties of any kind.’” 


Blast Furnace Smelting With Oil. 


Mr. M. Kippie, of Vancouver, B. C., in a report on 
a recently conducted demonstration of smelting copper 
ore in the blast furnace with oil as fuel, writes in part: 

“The mixture consisted of Boundary District ore, 
iron ore as a flux, and copper slag from a previous 
operation. The furnace was started at 11 A. M., using 
two burners until it became sufficiently heated when 
two more were started. Everything went along satis- 
factorily and slag began to flow at noon. The slag 
was hot and increased in quantity until it ran a pot 
of slag per minute up to 2:30 P. M., during which 
time it smelted without trouble or interruption. 

“Allowing one hour for the heating up of the furnace, 
a conservative allowance, we used 157 gallons of oil 
in 2.33 hours, and 60 gallons for heating up the fur- 
nace, or 217 gallons in all. This gives an average of 
14.6 gallons of oil per ton of material smelted, equal to 
43.8 cents per ton of ore. The rate of smelting was 
110 tons per 24 hours, an increase of more than 100 
per cent over the results obtained during the best pre- 
vious demonstration. 

“I have no hesitation in saying that these conditions 
can be improved upon after certain changes shall have 
been carried out, so that full advantage may be taken 
of better and more complete combustion of the oil, 
when the cost of oil consumed per ton of material 
smelted should approximate 30 to 35 cents per ton of 
ore. The saving of labor costs at the furnace I esti- 
mate at 9 cents per ton of ore. As a result of this and 
previous demonstrations, I strongly recommend that 
the blast furnace be remodeled along the lines already 
submitted by me to your company, and indorsed by at 
least two metallurgists of the highest standing in Brit- 
ish Columbia.” The company has decided to at once 
proceed to remodel the furnace, as recommended by 
Mr. Kiddie—E. Jacobs, in Engineering and Mining 
Journal. 
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The National Bureau of Standards and Its Work 


A Survey of Its Scope and Function 


At a meeting of the Engineers’ Society of Western, 
Pa., held a little while ago, Dr. 8. W. Stratton, the 
Director of the Bureau of Standards in Washington, 
gave a survey of the general scope and function of the 
work of the Bureau. This was published in the pro- 
ceedings of the society, and in view of its great na- 
tional and scientific interest, is reproduced here in 
slightly abridged form. 

Tuose who have been engaged to any extent in 
investigative work in physics, chemistry, or engineer- 
ing know that one of the first requisites is a shop 
and power plant, with facilities for designing and 
constructing apparatus. Hence the first building 
erected for the National Bureau of Standards was the 
mechanical building, or shop, a substantial building 
50 by 150 feet, three stories high, the first floor of 
which is occupied by the power plant including the 
power, electric generators, pumps, refrigeration plant 
and other general facilities of this kind. The corps 
of mechanicians includes skilled instrument makers, 
men trained in the construction of precision appa- 
ratus and in the working of all kinds of materials. 
To begin with, only a portion of one floor was given 
up to the shop, the remainder being devoted to various 
lines of work which in the future would be taken care 
of elsewhere. 

The second building, built soon after the first one, 
is a substantial physical and chemical laboratory 
about 60 by 200 feet and four stories high. The two 
lower floors are devoted to physical testing and in- 
vestigations; the third floor is given over to adminis- 
trative purposes; and the fourth provides temporarily 
for the chemical laboratories. Scarcely a problem ts 
taken up in connection with standards or the proper- 
ties of materials that does not involve work of the 
chemist. In some instances the greater part of the 
work is done in the chemical laboratory. This floor 
provides sufficient space for the present, but the chem- 
ical staff of the Bureau is rapidly being increased 
and a new chemical laboratory must soon be pro- 
vided. 

The third large laboratory built was completed last 
year. Its dimensions are practically the same as 
those of the physical laboratory. This building pro- 
vides space for investigations and tests of structural, 
engineering, and miscellaneous materials; the metal- 
lurgical work will be developed in this building. 

At the last session of Congress the construction of 
a fourth laboratory was authorized. It will be a builld- 
ing similar in size and style to those already built 
and will be devoted entirely to electricity but will 
afford additional room for other sections by the vaca- 
tion of space now occupied in the present building. 

There is also a small, two-story laboratory devoted 
to the liquefaction of gases, the production of high 
pressures and low temperatures. 


By S. W. Stratton 


The Bureau has three branch laboratories, the prin- 
cipal one being in Pittsburgh. 

In standards of length there is first the primary 
standard, carefully preserved in a fireproof vault and 
never used except in comparisons with the working, 
or secondary, standard which is of the same material 
and construction as the primary. If the secondary, 


— 
Dr. S. W. Stratton, Director of the Bureau. 


or working, standard should be subjected to any 
unusual treatment or if its permanence should be 
suspected in any way it would be compared with the 
primary standard. Again, there is the secondary 
standard which is subdivided. This process of subdi- 
vision is one of the most difficult in the science of 
metrology. There is also a working standard suit- 
able for comparison with end standards, and, finally, 
the standards composed of multiples of the unit used 
in establishing base lines and in the testing of engi- 
neers’ tapes. The problem of building up these mul- 
tiples is as difficult as the production of the subdi- 
visions. 

For comparing one standard of length with another 
a comparator is used. In this particular case the 
two standards are placed in a box, the temperature of 


which is constant within a small fraction of a degree. 
First one bar and then the other is brought under the 
two microscopes mounted near the ends of the heavy 
bar. This support for the microscopes is constructed 
of the nickel-steel alloy known as “Invar” which has 
practically a zero temperature coefficient at ordinary 
temperatures. There is also a comparator designed 
for the purpose of comparing line standards with end 
standards, a rather difficult problem, and entirely 
different from the comparison of line standards with 
each other and requiring different apparatus. 

The same conditions obtain as to standards of mass 
and their comparison. There is the primary standard, 
preserved solely as a check upon the working stan- 
dards, and the construction of the subdivisions and 
multiples of the unit, no less tedious and laborious 
than the same problems in connection with length. 
For comparisons of mass a wide range of balances is 
necessary, each with a sensitiveness and capacity suit- 
able for the work it is to do. The first of the preci- 
sion series is a small balance carrying a total load of 
but 10 grammes and sensitive to the thousandth part 
of a milligramme; that is to say, it is sensitive to 
one part in ten million of its total load. There are 
also balances having capacities of 100 to 1,000 
grammes, and the largest with a capacity of 20 kilo- 
grammes and sensitive to one milligramme, or one 
part in twenty million. 

The standard troy pound was brought over from 
England to this country in 1820 and was prescribed 
by Congress as the standard to be used by the Mint 
in coining. It is kept at the Mint in Philadelphia 
and every year the Assay Commission compares the 
weights of the Mint with it. At the last session of 
Congress this standard was abolished and the coinage 
referred to the standards of the Bureau of Standards, 
in common with all other measurements of mass 
throughout the country. 

As we pass to the different branches of physical 
measurements, as, for example, electricity, we find 
several different quantities to be measured, each pre- 
senting the same problems as to the standards and 
the means for their comparisons as we find in length 
and mass. There is the standard cell used in meas- 
urements of electromotive force; the silver voltameter. 
used in measurements of current; the mercury ohm. 
the primary standard of resistance; and the stand- 
dards of capacity, inductance, and magnetism. Each 
of these standards presents exactly the same problems 
as to primary and working standards, subdivisions and 
multiples, and the apparatus and methods for their 
comparison, as the standards previously mentioned. 

The mercury ohm is a definite standard of resist- 
ance, built up according to exact specifications. It Is 
a laboratory standard and requires for its construction 
the most precise measurements that it is possible to 
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Apparatus for Determining the Unit of Electric Current in Absolute Measure. 


make in length and mass. When constructed it is 
unsuitable as a working standard, hence copies must 
be made of more convenient material, such as metal 
wires. The construction of these working standards 
of resistance is an exceedingly difficult one, involving 
the properties of alloys and difficult problems of 
manipulation. In this, as in the other cases, standards 
representing the subdivisions and multiples must te 
constructed. Special apparatus has been devised for 
the purpose of comparing these electrical standards 
with one another, and bears precisely the same rela- 
tion to such measures as the balance does to the meas- 
urements of mass. Formerly it was not possible to 
obtain as high a degree of accuracy as desired in the 
construction and intercomparison of electrical stan- 
dards of the various countries; but great improvement 
is now being made in this direction. Recently the 
Bureau constructed three or four standards of re- 
sistance for international comparison. These were 
compared with the national standards of England, 
France, and Germany, and in no case was the differ- 
ence greater than one part in a million, and in most 
cases it was less. This order of accuracy is nearly 
equal to that obtained in measurements of length and 
mass; but to obtain it has necessitated a large amount 
of the most difficult work. 

The determination of the value of the ampere is one 
of the most difficult problems in connection with elec- 
trical units, requiring for its solution the most deli- 
cate instruments and the highest order of manipulative 
skill. The most minute precautions are taken in this 
investigation, even to providing a circulation of water 
in the coils to remove the heat generated in them while 
the current is flowing. The values obtained with this 
instrument are of an extremely high order of accuracy 
and are taken not only as a basis of all measurements 
of electric currents but for comparison with the same 
results of other countries. 

The silver voltameter is used as the secondary or 
working standard in current measurements and its 
study and development is one of the most important 
electrical problems now in progress at the Bureau. 
Two years ago, at an international conference held at 
London for the purpose of redefining the electrical 
units, a committee composed of members of the staff 
of the four national laboratories was appointed to 
Prepare specifications of the electrical units and to 
determine their values. This committee met last May 
at the Bureau of Standards to outline and carry on 
their investigations. The wisdom of this plan was 
soon shown, for by working together and under the 
same conditions they were soon able to come to a 
Practical agreement; whereas had they worked apart 


in their various laboratories it is very certain that 
there would have been a great deal of delay, and the 
difficulty of securing agreement would have been 
greatly magnified. During the investigation a great 
many important questions arose which it would have 
been very difficult to solve by correspondence, but 
which were easily settled by the men working together. 
This case illustrates also the importance of co-opera- 


Comparator in Which Mercury Thermometers are Com- 
pared with Standard Instruments. 


tion in such investigations in order to establish funda- 
mental units on an international basis. 
Measurements of inductance and capacity, with 
which we were unfamiliar a few years since, have 
now become very important in connection with tele- 
phony, wireless telegraphy and long distance trans- 
mission, and the Bureau has in progress at present a 


The Gas—Calorimeter Room. 


large amount of work in connection with the standard 
methods of measuring inductance and capacity. 

There is perhaps no other standard of measurement 
on as poor a basis as that of light. The imeandesceat 
lamp properly seasoned and used at a certain period 
of its life is used as a secondary standard, as such it 
is far superior to our primary standards; but it can- 
not be used as a primary standard as it is not re- 
producible. 

When the Bureau first took up its work in photo- 
metry it found that there was not sufficient agreement 
between the products of the various lamp companies, 


“caused no doubt by a difference in their standards, 


and that the gas and electric candle-power differed by 
three or four per cent. By co-operating with the lamp 
manufacturers and furnishing them with accurate 
working standards they have been enabled to remedy 
this defect. Through the efforts of the Bureau, the 
same unit of candle-power has been adopted by Eng- 
land, France, and the United States. The unit of Ger- 
many is different, but it bears a definite relation to 
the international unit. In addition to maintaining 
the standards the Bureau has developed methods and 
apparatus for the rapid and accurate measurement of 
candle-power and tests commercially all of the incan- 
descent lamps purchased by the various departments 
of the government. 

The variety and complexity of apparatus involved 
in measurements of heat are no less than those in 
electricity or the other branches of physical science. 
The degree is necessarily the same, regardless of the 
method of measurement; but for each range of tem- 
perature there is an entirely different method of meas- 
urement, involving totally different principles. There 
is the mercurial thermometer for ordinary tempera- 
tures, some reading almost as high as the point at 
which the glass softens; thermocouples for higher 
temperatures, involving measurements of electromo- 
tive force; and optical pyrometers for still higher 
temperatures, involving optical principles and radia- 
tion constants. For low temperatures platinum re- 
sistance thermometers are used, depending upon meas- 
urement of electrical resistance. Hence, the testing of 
temperature measuring apparatus includes a wide 
range of physical principles and methods and they 
must all be referred to the same standard, the ideal 
gas thermometer. 

The division of heat and thermometry is one of the 
largest sections of the Bureau’s work. Its work also 
includes the determination of heat constants and the 
thermal properties of materials, such as specific heats, 
latent heats, melting points, coefficients of expansion, 
ete. These data are frequently as important to engi- 
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neers as standards of measurement, and their deter- 
mination constitutes an important feature of the 
Bureau's activities. 

The organization of the Bureau is not based upon 
definite lines of materials, but rather upon definite 
kinds of measurements; that is to say, a material, the 
properties of which it is desired to determine, would 
be assigned to experts in the particular field of meas- 
urements required. The designation “Engineer of 
Tests” does not appear in the Bureau’s staff. 

The heat and thermometry division is equipped for 
the testing of thermocouples and pyrometers of all 
kinds. It is also prepared to furnish pure materials 
of known melting points, to be used in the verification 
of instruments. It is carrying on extensive calori- 
metric experiments, in which the different forms of 
calorimeters are being compared. Investigations are 
in progress with a view to establishing the heat values 
of different substances, to be used in the standardiza- 
tion of calorimeters; also the heat values of the con- 
stituents of fuel gases. In addition, investigations 
are carried on for the purpose of securing general 
values and properties. 

Many substances are submitted by manufacturers 
and others for the determination of their specific 
properties, it is not unusual for the Bureau to receive 
a substance, with a request for the determination of 
one or several of the following properties: tensile 
strength, hardness, density, heat and electrical con- 
ductivities, resistance, specific heat, coefficient of ex- 
pansion, melting point, and emissivity, etc. In new 
alloys many or all these properties are needed. 

Investigations are in progress with the bolometer, 
thermopile, and similar instruments, for the purpose 


of determining more accurately the so-called radia- 
tion constants, transparency, reflecting power, and the 
emissivity of materials. 

Among the various investigations now in progress 
of interest to engineers may be mentioned the fol- 
lowing: A study of the electrolytic effects on water 
and gas pipes, the reinforcing of concrete, conduits, 
and other underground metal work; the fire resisting 
properties of materials; determination of stresses ‘n 
the members of bridges, buildings, and other struc- 
tures, by means of accurate strain measurements; 
methods of waterproofing and damp-proofing cement, 
etc. Tables of conductivities have just been prepared 
for the American Institute of Electrical Engineers 
from data secured by the examination of a large num- 
ber of samples of commercial copper. 

The bureau will continue at its Pittsburgh labora- 
tories (formerly in charge of the Technologic Branch 
of the Geological Survey) the investigation in con- 
nection with the heavier structural materials, includ- 
ing metals, clay products, stone, lime, cement, ete. If 
is not the purpose of the Bureau to duplicate in Wash- 
ington the work done at Pittsburgh, but rather to 
establish a close relationship between the two labo- 
ratories. The facilities of the Pittsburgh laboratory 
are being extended with a view to providing it with 
a complete equipment for investigations in connection 
with the above materials. A permanent site and new 
buildings should be acquired at the earliest oppor- 
tunity, and the work organized on a scale commen- 
surate with its importance. The ten-million pound 
testing machine, designed and constructed by Mr. 
Olsen while the Pittsburgh laboratories were under 
the direction of the Geological Survey, is being in- 
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stalled at Pittsburgh and will soon be ready for use. 
This will be properly housed and equipped with ‘he 
cranes, tools and apparatus for its operation. At 
Washington two new testing machines of the Emcry 
type are being installed, one of 250,000 pounds «a. 
pacity and the other of 2,300,000 pounds capacity. 
While these machines are necessary and useful in 
many investigations of structural materials, by far 
the greater part of the data needed by engineers to-day 
is not that derived by the use of the testing machine, 
but by means of the most difficult investigations coy- 
ering the entire field of chemical and physical scieice. 

The Bureau does not plan to enter the field of com- 
mercial testing, especially in localities provided with 
testing laboratories, excepting in referee work and in 
the unusual and more difficult tests not provided ‘or 
in such laboratories. 

The Bureau tests a large amount of apparatus and 
materials purchased by the government, to ascertain 
whether or not it complies with specifications; this 
work, in addition to what it saves the government by 
placing its purchases upon an entirely different basis, 
assists the Bureau greatly in the preparation of speci- 
fications, and the development of methods of testing. 
The benefits of this experience will be given to the 
public in the form of bulletins, circulars, and other 
published matter. 

It would be out of place at this time to dwell to any 
great extent upon the plans of the future; but the 
Bureau earnestly solicits the aid and advice of the 
engineers at Pittsburgh, and especially the members 
of the Engineers’ Society, in establishing its work 
along the lines that will be of the greatest assistance 
to the industries of our country. 


The Saw and How to Use It on Wood and Metal’ 


Tus oldest form of saw was a jagged-edged flint, set 
in a handle of bone or wood. Those of a later date were 
of bronze, and in use before iron was used for industrial 
purposes, being too scarce and valuable for other pur- 
poses than weapons. In the middle ages, when steel was 
still very dear, the saws and many other tools were made 
from iron and case-hardened, a method in practice until 
a comparatively recent date. Saws of these classes were, 
however, little more than narrow files. They did not 
make a clean cut, but scraped away the wood, ete., in 
fragments. The modern saw consists of a number of 
small knives, each having a properly sharpened cutting 
edge (terminating in a point), each of which makes a 
clean cut. One result of the low quality of the old saws 
was that they had to be used to cut in the pull stroke, 
instead of in the push stroke as modern ones do. Some 
of those now in use, cut with both strokes, but these are 
used only for rough, coarse work. The teeth of these 
old saws were consequently in the opposite direction to 
those we use, and this style of saw is still used by many 
eastern nations. A low quality metal will stand the pull 
stroke, but would break on attempting to cut by push- 
ing it. Those narrow saws that are strained in a frame, 
such as fret saws, sweep saws, etc., are used in this way 
to cut while pulled towards the worker. If used the 
other way, they soon break, often at the first attempt. 
Hack saws for cutting metal are among the reversed 
ones. 

Saws in general use are of the following classes: hand 
saws (so called to distinguish them from the two-handed 
pit saws, etc.), consisting of a flat blade and pierced 
handle. 

1. Ripping saw or rip saw with coarse teeth, used for 
cutting soft wood in the direction of the grain. These 
cut rapidly, and the widely spaced teeth do not clog so 
soon as those of a finer saw would. They are, however, 
of little use with hard wood or for cutting across the 
grain. 

2. Cross-cut saw, or more generally called hand saw, 
and if with fine teeth, panel saw. This is the shape that 
does most of the cutting in joiners’ or cabinet makers’ 
workshops. 

Key hole saw, a smaller form of the hand saw, terminat- 
ing in a point, so as to enter in a hole made with a center- 
bit. A variety of this is the pad saw, having a round 
handle with hole through it lengthwise, into which the 
blade fits when not in use. When used, the blade is 
held by two screws in the ferrule of the handle. Both 
of these saws are of very soft steel, so that they bend 
when one of ordinary temper of the same section would 
break. It would be an advantage if these saws were 
made to cut in the pull instead of the push stroke. 

Backed Saws. In cutting fine work, in order to get 
a very narrow saw-cut, a saw with a thin blade must be 
used. If not in some way supported, these would be 
too weak for the purpose, and also liable to bend in 

# Reprinted from the “Electrician and Mechanic.” 
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using. They are, therefore, strengthened by a rib of 
brass or iron, having a groove in its length into which 
one edge of the blade fits. These must be used with 
eare to avoid buckling or bending the blade. They are 
made in many sizes, from 8 to 24 inches long for various 
requirements of cabinet makers, picture framers, etc., 
others much smaller, 3 to 6 inches long, with blades 
little thicker than note paper. Those most used are: 

1. Tenon or dove-tail saw, 8 to 16 inches long, having 
from 8 to 16 tooth points to the inch, and backed with 
brass or iron. The smaller sizes have open handles, the 
larger ones closed. 

2. Straight-handled back saws, a smaller form of dove- 
tail saw, with round handle, very thin blade and small 
teeth, suitable for delicate work. 

3. Metal cutting backed saw or ward saw, much used 
by locksmiths, ete., in preference to the hack saws in 
frames, as it is less liable to breakage, though slower and 
dearer than the thin saw. 

Tension saws, consisting of a narrow blade strained in 
a frame by a spring, screw, or twisted cord. 

1. Sweep or bow saws. The blade, sometimes less 
than one-quarter of an inch in width, is strained in a 
wooden frame. Its narrowness enables it to cut in a 
curve. It is much used with broader blades on the 
Continent instead of the hand saw; also for rough work, 
such as cutting up logs of firewood, for which purpose 
it has large teeth far apart, so as not to clog. Some are 
so arranged that the blade can be swivelled, so as to 
cut sideways to the frame. 

2. Fret saws for cutting very thin wood, and strained 
by the spring of the frame itself. 

3. Hack saws for cutting metal are a modification of 
the fret saw, using blades about one-half inch wide, and 
the teeth fine and slightly set. These are useful for fine 
wood-cutting. This refers to the American hack saw, 
the old English shape, being thick blade, coarse teeth 
and very little set, was slow cutting and heavy to work. 

Special saws, for instance, a long narrow saw, similar 
to the keyhole saw, but having half the edge of the 
blade at right angles to the remainder—a very useful 
tool for cutting a square hole. Starting with a center- 
bit hole, the end of the saw cut as far as was required, 
then the second part came into use, starting a cut at 
right angle to the first one, which could then be extended 
by using the point part again. Others are ripping and 
log cutting saws, having large and specially shaped 
teeth, and many others. 

Machine saws of many kinds—circular and gang saws, 
band saws, veneering and other kinds—cannot be treated 
in this article. 

Saw Teeth. If the teeth of a good saw are examined, 
it will be seen that each is a knife, ground at one side 
like a joiner’s chisel, which leaves the top of the tool 
pointed, and it will also be seen that each tooth is bent 
away from the central line of the blade. In some saws, 
each tooth"is sharpened at both its edges (not at both 


sides of one edge), so that it cuts in the push or pull 
stroke. These teeth differ a little in shape from the 
other teeth, having only one cutting edge. The shapes 
of saw teeth vary with the work they have to do. While 
all the smaller saws cut in one direction only, rip saws 
and two-handed saws, also American pattern log saws, 
eut in both directions. 

How to choose a saw. A fair outfit for a wood-worker 
would be: rip saw, 28 inches long, 4 points to the inch; 
hand saw, 26 inches long, 6 to 7 points to the inch; 
tenon backed saw, 14 inches long, 10 to 12 points to 
the inch; dovetail backed saw, 10 inches long, 14 to 
18 points to the inch. 

Also pad saw, sweep saw for curves, and hack saw 
for metal. In all saws it is important that the handle 
should be comfortable and fit the hand well, and the 
saw well balanced, i.e., in a hand saw or rip saw, when 
held in the cutting position, it appears to weigh less 
than if held in any other position. It should also be 
thinner at the back than at the cutting edge, apart 
from the set of the teeth. The blade must be capable 
of being bent into three-quarters of a circle without 
taking a permanent set. Some of the more expensive 
saws have smaller teeth for a few inches near the end 
to make a start easily in the work. In all saws, the 
thinner the blade is, the easier it is to work and good 
quality saws are always thinner than common ones of 
the same size and class. Look also at the finish; good 
saws are not sent out dull and old looking; they have 
a bright, highly finished appearance. For picture 
frames and other small work, a saw with very small 
teeth should be used, as it leaves the work nearly smooth. 
Don’t buy a second-hand saw unless it is from someone 
who thoroughly understands a saw and can guarantee 
it to be a good one. New saws sold at second-hand 
shops are always bad, but good old saws can often be 
bought cheaply. Small size hand saws are made for 
amateur’s tool chests, which are usually too small to 
hold a full-sized saw. These do not give scope for the 
whole arm to work. A full-sized man requires a full- 
sized saw to exert his strength; with a small one there 
is much waste of energy. For odd jobs, however, the 
18-inch chest saw (a small hand saw) is a very useful 
tool. Backed saws in particular are liable to be twisted 
or buckled, so should be examined before buying. 

USING THE SAW ON WOOD. 

Always mark the work before cutting; it does not 
take long and saves a lot of trimming up afterwaris. 
For rough work a pencil mark will do, but for any exact 
work the mark must be made with a metal point or 
sharp edge, especially if cutting dovetails. In marking, 
allow for a shaving being taken off afterward with ‘he 
plane, and use a square to get a square cut. If merely 
dividing a bit of wood, it is enough to cut along the 
line, but if the work has to fit another piece, cut so as 
to leave the line or pencil mark. 

Work must be fastened down any way so longas it 
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does not move. Large work will keep steady on the 
sawing tressle by putting the knee on it, and should be 
about the height of an ordinary chair, a couple of boxes 
are often used instead. Smaller work can be held in 
the bench vise, or cramped down with screw cramps or 
earvers’ serew, or even nailed to the bench. A bench 
sawing stop is very easily made and just the thing for 
small jobs. It is usually cut out of the solid, but one 
ean be knocked together out of odd bits in a few minutes. 
Take « bit of board 12 inches long, one-half inch thick, 
4 inches wide; at one end nail on a bit, 1 inch thick, 
4.x 2, nail a similar bit at the other end, but not on 
the same side of the large piece. See that one of these 
pieces is nailed or screwed near its ends only, and at 
half iis length make a saw-cut in it so that it becomes 
two bits, each 2 x 2 x 1 inch thick, side by side, and 
separated by a narrow slot that will just allow the saw 
blade to enter. The work to be cut rests against these 
two blocks, the other block catches the edge of the 
bench and prevents the whole affair moving when using 
the saw. It also protects the surface of the bench from 
saw-cuts. Grease the saw as often as required. Tallow 
does well, or thick oil, common butter is about the best 
for all wood-cutting tools. Rest the side of the saw 
against the thumb to guide it in making a start, make 
the first few euts very slowly to ensure correct entrance 
of the saw. With all saws, stand so that you look down 
the whole length of the saw, not one side only. Cut 
slowly. Those who know nothing about saws always 
use them quickest, while a good sawyer cuts with a 
steady, slow stroke, but continues to cut long after the 
quick one has got tired. It is not necessary to press 
the saw on the work; if sharp, it will grip well enough 
if merely moved up and down, if not it requires to be 
sharpened. In making a long cut, the parts already cut 
are apt to close and bind the saw. To remedy this, 
wedges should be inserted to keep the cut open. In 
cutting a long piece of thick wood, it is well to cut a 
few inches each side alternately, there is then less risk 
of cutting crooked. Cutting with a backed saw is much 
easier, as the work is closer to the eyes, and being on 
a bench, much easier to work. This also should be used 
slowly, and never on any account cut without the work 
being held or fastened to the bench, or the saw will get 
buckled. 
METAL SAWING. 

Metal sawing is done with a hack saw, a narrow blade 
strained in a frame. Those now mostly used are of 
American make, very thin in the blade and having fine 
teeth, slightly set. They cut rapidly, remove very little 
metal, and are so cheap that they are never resharpened. 
The older styles were twice as thick in the blade, coarser 
teeth, and being more expensive, were filed up as many 
times as required. To do this, it was necessary to leave 
the blade softer than the later form, so they had not 
so much cutting power. Another form-of metal saw is 
the screw head saw or ward saw—still a favorite with 
locksmiths, blacksmiths, and jobbing mechanics, on 
account of its power of standing rough usage. It is 
similar to the dovetail backed saw. Even with these 
rough workers, it is rapidly being replaced by the Ameri- 
can saw. 

In cutting metal, the saw must be used slowly and 
kept well greased, and great care used to prevent twist- 
ing, as what would cause other saws to buckle, would 
break one of these. Frames are arranged to take the 
saw blade in four positions, often a great convenience 
to the worker. When sawing steel, it is annealed first. 
Some special saws, similar to fret saws, are made for 
cutting metal. There are also some about double the 
width of a fret saw. A good quality dovetail saw with 
fine teeth will cut brass, and is often used for the purpose. 
Plumbers’ lead saws are the ordinary keyhole saw, 
which has very little set on it. 

HOW TO SHARPEN AND SET A SAW. 

The filing of the teeth must be done before setting 
them. The saw must be fixed firmly, either in a special 
filing vise, or between two slips of wood pinched in the 
bench vise, or by other means. 

Topping is the first operation. To bring the top of 
the teeth quite level, a file without a handle is laid on 
them lengthwise, and rubbed down from the handle to 
the end of the saw, repeating as often as required to 
bring them level. | Any teeth below the line do not do 
their share of cutting, but there will always be some such 
and broken teeth cannot always be avoided. This is of 
less consequence than a few teeth being higher than the 
bulk. The file used is the three cornered one and is 
single cut, files for ordinary purposes being double cut. 
An ordinary flat smooth file may be kept for topping. 

Filing the teeth. The position of the file on the teeth 
depends on the shape of the teeth, and the angle of the 
cutting surface required. A safe and easy rule is ‘Put 
& new surface at exactly the same angle it had before.” 
If it is intended to alter the shape or cutting angle of 
the teeth, the job should be given to a saw cutler, while 
to follow the old lines is easy and requires only a steady 
hand. Push the file with a slow and steady stroke, so 
as to use the whole length of the file. On the return 


Stroke, either lift it clear or allow to rest very lightly on 
thesaw. Two strokes are usually enough for each tooth 
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of a hand saw, while small tooth backed saws are usually 
done with one stroke. Don’t use an old file full of dirt, 
and if a new one is bought, keep it clean and well oiled. 

See that the toothed edge of the saw is very little 
above the level of the vise top, only enough for the file 
to clear it. Start at the end nearest the handle, and file 
each alternate tooth, then reverse the saw, and file the 
remainder. While the file is cutting the slanting edge 
of one tooth, see that it does not at the same time touch 
the adjoining edge of the next tooth. 

Setting the teeth. The correct way of doing this is 
with a single stroke of a special hammer on each tooth. 
The saw-edge rests on a sort of anvil, part of the edge 
with the teeth overhanging. This, however, requires a 
good deal of practice to do it evenly. The easy way is 
with a tool called a ‘‘saw-set’”’ of which there are several 
shapes. The plate shape, having several notches to fit 
various thicknesses of saw plate is an old but useful 
form. The tooth to be set is inserted in a notch, and 
bent by using the handle as a lever. Other forms are 
capable of adjustment, so that there is no danger of 
uneven bending. Some work by pressing a lever, others 
by a stroke of a hammer on the head of a punch, the 
lower end of which presses on the tooth to be set. The 
amount of set varies with the work to be done by the 
saw. The rip saw, and those for cutting damp wood, 
must have more set than a dovetail saw used only on 
very dry wood. Setting a saw is quite as important an 
operation as sharpening it, but a saw need not be set 
every time it is sharpened. Too much set is as bad as 
too little, in the former case a larger quantity of wood 
has to be reduced to sawdust, while with too little set, 
the saw will bind or touch the sides of the cut, and cause 
extra labor by the friction. The setting must be done 
near the point of the tooth. Teeth are usually broken 
by attempting to get the bend too low down. The 
tooth does not always break at the time of setting, but 
cracks, breaking off while cutting. 


Re-toothing a saw. A good saw having many teeth 
broken is well worth a new set of teeth. This has to be 
done by a saw cutler, who cuts off a strip at the edge 
with all the old teeth, and punches new ones in the new 
edge. It is quite possible to do this by hand, but it is 
a very tedious job, though in all early saws the teeth 
were always filed out, the punching press being of com- 
paratively modern introduction. 

The triangular (or 3-square) file does for all saws in 
ordinary use by hand, but large circular and other large- 
toothed saws are filed with a flat file specially made for 
the purpose, and after a certain amount of wear these 
require gumming or gulletting, that is, the space between 
the teeth deepened. 

Protecting teeth of saws. All small saws kept with 
other tools or carried about should be protected by a 
bit of wood the length of the saw by about one-half inch 
square, having a saw-cut lengthwise one-quarter inch 
deep, which may be tied on with string. It saves sharpen- 
ing and prevents accidents. 

Cutting ivory and bone. Use a saw having very thin 
blade, fine teeth, and little set; an American hack saw 
does well for this. Cut slowly, use no oil or grease, or 
it will disfigure the ivory, but either dry or with plenty 
of water which will wash the dust out, while a little 
water will make a paste of it that will remain in the 
cut. Ebonite is cut with a saw suitable for brass. 

Band saws. The blades for these are sent out by the 
makers in very long lengths. The required length having 
been broken off, the ends must be brazed together to 
get an endless band. From the nature of the saw and 
its work, it is important that the joint should be no 
thicker than the remainder of the saw. If carefully done, 
it will be so. There are several ways of heating the 
joint, many workers using the gas blow-pipe. This 
should never be used for the purpose, as however care- 
fully used, the sulphur in the gas makes the steel at or 
near the joint brittle. The right way is with hot tongs. 
In any case the parts must be held in position by a 
suitable vise which will prevent any movement while 
the job is being done, yet allowing the tongs or gas 
flame to get on the joint. File‘away enough;from each 
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end of the saw to bevel it for a length of three teeth. 
Put between the surfaces some borax powder and some 
fine grain spelter (brazing spelter, not zine, which is 
often called spelter) mixed with a little water to a paste. 
Arrange the parts so that the teeth of the scarfed parts 
just fit on each other, then (if for gas) tie up with some 
soft iron wire to hold in position, and apply the flame 
of the blow-pipe to joint till the spelter melts. At once 
grip the joint with a pair of tongs made hot, and hold 
together till it cools. In order to economize gas, a reflector 
should be made of asbestos sheet, one-quarter inch 
thick, which will form a kind of hood covering the joint 
above and below, and keep the flame on the work. A 
better way is to use a pair of tongs having very heavy 
ends, also a pair of light ones having thin ends. The 
light ones being heated are put so as to grasp the joint, 
the heavy ones are heated almost to white heat and put 
so as to grasp the joint over the light tongs. The heat 
of the heavy tongs is great enough to melt the spelter, 
and they can then be removed, the light pair being kept 
in place until the joint is well set, to prevent the parts 
opening. A fork or block of iron at end of a long handle, 
and having a slot in it, can be used instead of the heavy 
tongs, but should fit easily over the light ones. 

Silver solder should be used for all band saw joints. 
It melts at a much lower heat than spelter, and only a 
small quantity is used. It is in thin sheet; cut off 
enough to go inside the joint, use with wet borax, and 
there will be scarcely any file work to do, while if spelter 
is used there is a lot of dressing up of the joint to get it 
the same thickness as the remainder of the saw. Band 
saws, after being several times joined up, are, though 
still very serviceable, almost always thrown away at the 
saw mills. A length should be got to practice on, either 
brazing or sharpening and setting the teeth. 

Cutting nails. Before commencing to cut old wood, 
nails must be carefully looked for along the line to be 
eut. Even the smallest tack will spoil the sharpness of 
a saw. Nails that cannot be pulled out must be forced 
through with a punch, even then the rust left in the 
hole is bad for the saw. At public saw mills, a fine is 
charged for every nail the saw cuts into. The sound 
ziven by the saw when it touches a nail is easily recog- 
nized and must be taken as a warning not to proceed 
until the nail is removed. 

Rebate saw, for cutting a rebate such as in picture 
frame molding, is easily made from a bit of old saw, 
screwed or cramped to a block of wood. A little of the 
wood is cut away behind the saw, forming a guide, so 
as to make an even saw-cut along the length of the wood 
beading. This method is much quicker than the rebate 
plane. 

Depthing*guide for saw is made by cramping a strip 
of wood one or both sides of a backed saw, at such dis- 
tance from the edge as the depth of the cut requires. 


DIMENSIONS OF SAWS. 


Points 

Length. to 1 inch. 
Hand or Cross-cut......... 26 6 to7 
20 to 24 10 to 11 
Keyhole or Compass saw...| 14 to 18 9 to 12 
Backed Saws: 
10 to 14 10 
8 to 10 14 to 18 
Straight handle............ 3 to 6 18 to 40 


In measuring saw teeth, reckon the number of points 
to the inch, not the teeth. 

Fig. 1 shows the teeth of ordinary handsaw. A and 
C show the sharpened sides of the teeth; B shows the 
side not filed, which is bent away from the other two, 
which are bent point outwards. In this case the front 
of the teeth is filed. It is doubtful if there is any advan- 
tage in this, but many workers do it though it weakens 
the point of the tooth. D shows the amount of the set. 
It will be seen that a line drawn lengthwise will be over- 
lapped by the heels of all the teeth, thus preventing a 
ridge forming between them. 

Fig. 2 shows a quick-cutting form of tooth for two- 
handed cross-cut saws, or for pit saws. It cuts equally 
weli in either direction, but requires a thick blade or 
the teeth break off. 

Fig. 3 shows the form of tooth most in use for hand 
and backed saws, also for band saws. The teeth are 
filed on the slope only. 

Fig. 4. Rip saw for soft wood, the teeth cutting both 
ways. This shape of tooth, being set closer, is stronger 
than at Fig. 2. 

Fig. 5. A good form of screw-vise and easily made. 
If the leg is long, and two pegs are at back of the jaws 
to rest against a wall, this makes a good portable vise. 

Fig. 6 shows how the saw-teeth are set with a small 
hammer on anvil block. 

Fig. 7. Bench stop for sawing small work. 

Fig. 8. Miter box, with length of work being cut by 
backed saw. If the back of the box is omitted, it becomes 
a miter block, but this form is not so good a guide for 
the saw as the box. 
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Some Technical Uses for the Hardest of all Gems 


Tue diamond, the most precious of all gems, is 
highly valued not only as a jewel of great beauty, but 
it finds very extended application also for technical 
purposes. This use of the diamond is much more wide- 
spread than is commonly supposed. The property of 
the diamond upon which all industrial applications 
are based-is its great hardness, which exceeds that 
of all other known materials. 
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Fig. 1—a. Uncut Diamonds for Glass Cutting. 0. 
The Same, for Drilling Porcelain. c. Cut. Dia- 
monds for Lathe Tools. d. Black Diamonds 
for Deep-Boring Drills. e¢. White 
Diamonds for the Same. 


The use of the diamond for jewelry dates back to 
remote antiquity. But its use as a cutting tool also 
is of great age, being mentioned, for instance, in 
Jeremiah xvii:i. According to recent investigations 
the Egyptians used the diamond for cutting stones and 
gems as early as 1700 B. C. 

Among the diamonds used at the present day for 
cutting-tools two species are distinguished, the so- 
called black diamond, and diamond dust. The black 
diamond is found exclusively in Brazil, where it is 
washed out from the sand and mud of rivers and 


Fig. 2.—Simple Device for Cutting Glass Disks. 


brooks. It occurs in small porous angular pieces, 
often presenting a somewhat coked appearance (see 
Figs. 1 and 3). Owing to its brownish black color it 
is useless as a gem. On this account comparatively 
low value was formerly attached to this black dia- 
mond, which was used exclusively in the form of 
powder for polishing gem diamonds. As a matter of 
fact, the black diamond is not only just as hard as 
the high-priced gem, but presents an actual advantage 
over the latter for technical purposes, in being free 


Fig. 3.—The Second Largest Black Diamond Ever 
Found. Natural Size. 


from crystalline structure, and therefore being less 
liable to split under pressure. At the present day 
this fact is thoroughly appreciated, with the result 
that black diamonds now fetch two to three hundred 
times the price formerly paid for them, and in fact a 
good black diamond has a greater. value than the 
smaller diamonds used for gems. 

Diamond dust is made from white diamonds which 
for one reason or another are unsuited for jewels, such 
as stones not quite pure in color, or of a form ill 
adapted for cutting, or containing cracks or flaws of 


Fig. 4.—Diamond Cutter for Glass Tubes. 


any kind. Such stones are in most cases quite well 
adapted for direct technical use; if, however, this is 
not the case, they are crushed and powdered and 
used for polishing. 

The commonest diamond tool is the glazier’s cutter. 
A native, uncut smal! diamond is secured in any suit- 
able setting or handle by means of tin solder or other 
readily fusible metal alloy, in such manner that ‘ts 
cutting edge is suitably exposed. 

It is important to note that only the natural edge 
of a diamond satisfactorily cuts glass. Stones which 
have been cut and polished merely scratch, and even 
the natural edge is not by any means always adapted 
for glass cutting. 

When properly manipulated the glazier’s diamond 
leaves a track about one-hundredth to one two-hun- 
dredth of an inch deep, along which the glass is read- 
ily broken. For cutting round and oval glass disks, 
diamonds set in mechanical guides are used, such «is 
the one shown in Figs. 2 and 5. For cutting glass 
tubing a diamond scratcher illustrated in Fig. 4 has 
latterly come into use. For writing on glass, a small 
diamond splinter set in a kind of pencil is employed. 

For engraver’s tools the diamond is not used in [ts 
Taw state, but ground into a fine point or dull cone. 
The illustration in Fig. 6 shows an engraver’s tool, 
and Fig. 7 illustrates some typical shapes of the dia- 
mond point, as used for copper plate engraving, litho- 
graphy and similar processes. Diamonds are also 
used for marking division lines upon the steel scales 
of modern instruments of precision. The diamond is 
practically the only material that can be used for 
this purpose, and it has a further advantage of suffer- 
ing practically no wear. 

Another important use of the diamond is its appli- 


Fig. 5.—Machine for Cutting Circular and Oval Glass 
Disks. 


cation for cutting building stones, such as granite, 
marble and the like. A circular stone cutter employed 
for this purpose, and having teeth made of diamonds, 
is shown in Fig. 11. Such cutters, saws and drill are 
now very widely used in cutting buildings stones. 
Diamond tools are also used for turning certain 
articles on the lathe. Among these may be mentioned 
particularly grind stones, which, for obvious reasons, 
cannot be re-ground except with diamonds. But a 
variety of materials are now commonly turned with a 
diamond tool, such as cast steel, hard rubber, ebonite, 


mica, porcelain, gypsum and certain soft but tough 
metal alloys, celluloid, etc. The illustration, Fig. 10, 
shows a lathe tool with diamond bits, as used for this 
kind of work. Diamond lathe tools possess the great 
advantage that they give a very quick and yet per. 
fectly clean cut, even with materials on which sieel- 
cutting tools used with the greatest care leave a more 
or less rough surface. Furthermore, the cutting edge 
on the diamond tool has a very long life, whereas 
steel cutters must, of course, be very frequently re- 
ground, and such grinding is very apt to change the 
cutting surface, thus rendering the work inaccurate. 


VARA 


Fig. 7.—Diamond Points for Engravers’ Tools. 


The metal industries have of recent years begun to 
appreciate the great advantage of diamond tools, and 
especially in American machine shops these have 
found very wide application. The price of diamond 
tools is no obstacle to their employment, for where 
exact work in difficult material has to be done, the 
diamond tool, with its greater efficiency and durability, 
is in the end found cheaper than a special steel tool, 
which is costly enough of itself, and has to be fre- 
quently replaced. 

In wire manufacture, perforated precious stones are 
often used in place of the iron or steel dies employed 
for making more common varieties of wire. It is 
obvious that more particularly in the drawing of very 
fine wire it is essential that the hole in the die should 
be subject to only very slight wear, so that it retains 


Fig. 8.—Wire Drawing Die with Perforated Diamond. 


practically the same diameter for a long time; other- 
wise, it is impossible to draw clean and uniform wire. 
In view of its great hardness the diamond is, above 
all other materials, adapted for this purpose, and is 
now given preference over the ruby and sapphire for- 
merly used. A jewel die of this kind set in a brass 
disk is shown in Fig. 8. A special field in which 


Fig. 6.—Engraving Tool with Diamond Point. 
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such drawn wire, or more correctly, narrow metal 
band, has recently found a considerable application, 
js ti manufacture of metalli¢é filgments. In 
the -ourse of this the diamond is subject to consider- 
able sear and occasional breakage, and the consump- 
tion »f this precious stone in this branch of industry 
is a ordingly quite considerable. 

Th. operation of drilling the hole through the dia- 
monis used as dies or nozzles is, as will readily be 
und: stood, a very difficult undertaking. It must be 
nbered that the perforation must not only he 
perf ctly smooth and round, but that its size may be 
as all as two-hundredths of a millimeter (about 
one one-hundredth of an inch). The drilling is effect- 


possible to bore even in the hardest rock to depths 
reaching as much as 6,000 feet. Such a drill head 
consists, as seen in Fig. 9, of a tubular s.eel body, 
in which are set a number of diamonds in such man- 
ner that, upon rotation, the diamonds sweep over the 
entire drilling one. A number of stones are also 
inserted at the inner and outer surface of the crown, 
so that any possible jamming of the head in the bore 
hole is precluded. When such a drill head bores its 
way through the rock, a slid cylinder or core of 
rock is produced within the drill, ana is occasionally 
drawn up to the surface, giving an indication of *he 
rock drilled through. 

The character of the diamonds used for the drill 
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Fig. 10.—Lathe Tool Holder and Diamond Cutting Edges. 


ed by means of very high speed steel points of great 
fineness, assisted by a mixture of powdered diamonds 
and fine oil. 

The most important field, however, in which dia- 
mond tools are used on an extensive scale, is the 
drilling of deep rough borings, such as are made in 
prospecting for mineral values, ete. The diamond 
drill head is the only tool by means of which it ts 


varies considerably according to the nature of the 
rock to be pierced, so that the price of a crown meas- 
uring some 7 inches in outer diameter and 5% inches 
in internal diameter may be anywhere from $1,000 to 
$5,000, according to the quality of diamonds employed. 
Needless to say the setting of the diamonds must be 
carried out with the greatest care, inasmuch as they 
are subjected to severe strain, and are liable to be 
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forced out and lost. In spite of every precaution the 
losses, either of individual stones or of entire crowns, 
are always very considerable. A certain large German 
firm figure on a yearly loss of diamonds amounting 
to a value of $50,000. It is nothing unusual for the 


Fig. 11.—Diamond Stone Cutter. 


stock of diamonds locked up in boring operations to 
amount to as much as $125,000. 

This brief review, reproduced from Prometheus, of 
some of the principal applications of the diamond in 
technical practice must not be regarded as by any 
means exhaustive. There is every reason to think 
that in the future the field of usefulness of various 
diamond tools will extend more and more. 


Abrasives for Different Classes of Work’ 


Selecting the Right Material for a Given Purpose 


Tuere is little doubt that the wonderful accuracy 
of many modern machines of precision, as we know 
them, would at any rate have been exceedingly dif- 
ficult of attainment, if not practically impossible, but 
for the various processes of grinding now in vogue. 
The demand for high-class finish and minute limits 
of error have stimulated in a marked degree experi- 
mental research, in order to discover the best ma- 
terials to use in grinding operations. The variety of 
abrasives now employed makes a knowledge of the 
different purposes for which they are suitable neces- 
sary, and a careful study of their nature very im- 
portant; for one kind, well suited to operations on 
certain materials, may be quite inapplicable to others. 
It is because of this varying adaptability that emery, 
which for a long time was almost the only abrasive 
known, proved very inefficient when the modern steel 
alloys came into use. 

In a paper read early this year by Mr. George N. 
Jeppson before the Society of Automobile Engineers 
at New York city, some interesting particulars are 
given on this point, and serve to show that great care 
is often required in order to select the best abrasive 
for certain classes of work, not only as regards its 
cutting properties, but also the ease with which it 
lends itself to proper bonding. Not only has the size 
and hardness of the grains to be considered, but also 
their temper or toughness. Emery is a natural abra- 
sive with a percentage of about 67 of aluminium oxide, 
about 15 per cent ferric oxide, and 8 per cent of mag- 
netic iron. Like emery, corundum is also a natural 
abrasive, but its quantity appears to be limited, and 
it also lacks uniformity. Where good, however, it is 
efficient on soft and heat-treated steels. It has a per- 
centage of about 91 of aluminum oxide. Among arti- 
ficial abrasives that known as alundum may perhaps 
be placed at the head. It is a product of the elec- 
tric furnace, is made from bauxite, a hydrate of alum- 
ina, and it contains a high percentage of crystalline 
aluminium oxide. It is by many engineers consid- 
ered the most efficient abrasive on steel, and its qual- 
ity is well under control. It contains 91.25 per cent 
of aluminium oxide, 2.5 per cent of ferric oxide, 1.75 
per cent of silica, 4.35 per cent of titanium oxide, 
0.25 per cent of calcium oxide, and 1.25 per cent of 
magnetic iron. There is, however, a special alundum 
made, which may be considered the most efficient 
known material for grinding all kinds of specially 
hard and tough steel. It contains a very high percent- 
age of aluminium oxide, this being as much as 99.17 
per cent. The other constituents are ferric oxide, 0.65 
per cent; magnetic iron, 0.15 per cent; and silica, 
0.16 per cent. Materials such as hardened tool-steels 
require an abrasive which is hard enough to pene- 
trate the surface ground, and tough enough to remove 
the chips without breaking off or dulling too quickly, 
and such qualifications appear to be possessed in a 
marked degree by alundum. 

Following this material comes carbide of silicon, 
or what is commonly known as carborundum, the 
great chemical differences between the two abrasives 
being that, whereas in alundum the percentage of 
aluminium oxide is very high, in carborundum it is 
very low, silicon forming the greatest constituent of 


* Reprinted from Engtnecring. 


this material. The actual chemical constituents of 
the carborundum are: silicon, 67.5 per cent; combined 
carbon, 28.57 per cent; aluminium oxide, 0.85 per 
cent; ferric oxide, 2.06 per cent; silica, 1.08 per cent; 
titanium oxide, 0.13 per cent; and free carbon, 0.44 


. per cent. It is, as is well known, made in the electric 


furnace from coke and sand, and is the hardest abra- 
sive in use. It is found particularly suitable on cast 
iron, chilled iron, and brass. A finished surface may 
generally be obtained by its use, but in cases where 
a high finish is required it may be employed for the 
roughing operation, and the finish added by an alum- 
inous wheel. Carborundum wheels have, however, the 
diawback in some cases that the diamonds used for 
truing them wear rapidly, and Mr. Jeppson gives an 
instance in which an alundum wheel and a carborun 
dum wheel had 25 cuts of 1/1000 inch taken off each 
of them with the same diamond, and after careful 
weighing, the ratio of wear on the diamond was 
alundum 1 to carborundum 4%. 

Coming to the subject of bond, which is a very im- 
portant one, many things have to be considered. Not 
only is the function of the bond to hold the particles 
of the wheel together, and to give a proper factor of 
safety at its specified speed, but it must be possible 
to vary its tensile strength to suit the work it has 
to do. If the bond is such that it retains the cutting 
particles so long that they become dulled, the wheel 
will not have a high efficiency, whereas if the bond 
be not strong enough to hold the cutting particles, 
they may be pulled out before the proper amount of 
work has been done. For different classes of work 
also the bond will depend on the speed, the area of 
the wheel on the work, the vibration of the wheel 
spindle, or of the work, etc. The different kinds of 
bonding processes generally used are the vitrified, 
the silicate, of the elastic and rubber processes, and 
each of these has its proper field. The vitrified bond 
is made of fused clay, can be made in a greater range 
of hardness than any other, and is not affected by 
heat or cold. It gives more clearance between the 
particles than any other, because it does not completely 
fill the voids between the grains, and is suitable 
for all kinds of grinding except where the wheel is 
not thick enough to withstand side pressure, as it 
lacks elasticity. As regards moisture, the silicate 
bond is not so stable as the one to which we have 
just referred; it allows less clearance between the 
grains, and has a range of hardness below that of 
the vitrified bond in the harder grades. It also lacks 
elasticity, and is not suitable for very thin wheels. It 
is composed of clay fluxed by silicates of soda at low 
temperatures. The third bond that we have men- 
tioned completely fills the voids between the grains, 
being composed of shellac and other gums. It has, 
however, a limited range of grades, but has a high 
tensile strength and elasticity, and can be used where 
very thin wheels are required. The rubber or vul- 
canite bond is similar in nature to the one just 
mentioned, and its uses also are somewhat limited. 

The conclusions arrived at appear to be that the 
abrasives emery, corundum and alundum, in which 
crystalline aluminium oxide is the cutting con- 
stituent, are superior to carbide of silicon on metals 


- of bigh tensile strength, such as alloy steels, high and 


low carbon steel and wrought iron,’ while metals such 
as cast and chilled iron are best ground with carbo- 
rundum wheels. The fact that carborundum, which 
is harder than emery, corundum, and alundum, should 
be less sufficient on steel has puzzled many people, 
but the reason is that the property of toughness is 
_ lacking in carborundum, or, in other words, when 
grinding steel the property of which is high tensile 
sirength, the cutting tooth is broken off close to the 
bond, and the grinding has then to be done on a sur- 
face largely composed of bond, and the wheel glazes 
quickly. Carefully prepared curves show a rapid rise 
in the horse-power required at the beginning of a test 
of both carborundum and emery wheels, the test-piece 
being 0.25 carbon steel 2 inches in diameter and 24 
inches long; though with the emery-wheel the rise 
was not nearly so much as with the other abrasive. 
Although the emery loses its cutting teeth, it does 
not seem to do so the same extent as the carborundum 
wheel, and not so much that the bond is reached. 
A curve plotted from tests with an alundum wheel is 
more consistent, as the properties of toughness and 
hardness in this material are so combined as to make 
it the most efficient abrasive for steel that we at pres- 
ent have. Our knowledge of abrasives is, however, by 
no means complete, and the importance of grinding 
having reached the position it now has, it is very 
likely that we shall see considerable advances made 
in the near future. 


Swill-Fed Animals Unfit for Use 


Los ANGELEs citizens are said to be confronted with 
a grave danger in the garbage situation. This fact 
was accentuated by a partial report from the county 
grand jury last week. This report, according to 
Municipal Journal, denounces the methods of taking 
care of refuse from the kitchens of the city, stating 
that the meat from garbage-fed hogs is unfit for human 
consumption. The grand jury asks for immediate 
action on the part of the City Council in passing an 
ordinance prohibiting the feeding of this garbage to 
any animals. The report says: “Testimony furnished 
us shows that cholera, tuberculosis and trichinosis are 
prevalent among the hogs fed on garbage, and many 
authentic cases were brought to our attention where 
these diseases and diseases of similar character are 
being spread directly from the big piggery at Covina. 
The same diseases and conditions prevail at all other 
points in the county where hogs are fed on garbage, 
so far as we have been able to ascertain. We find that 
the water level at the point where the Covina piggery 
is situated is 10 feet from the surface, being on the 
near banks of the river, in sandy wash, and that the 
drainage from this large piggery sweeps into the San 
Gabriel River, which will eventually contaminate the 
domestic water supply of Whittier and other towns 
below this point. We found that the mortality from 
garbage-fed hogs is very great; under instruction from 
the county veterinarian several had been ordered 
killed recently.” The testimony of the health officers 
is that this meat is unfit for human consumption, and 
this statement is supported by all medical authorities 
of both city and county that have been brought ag 
witnesses before this grand jury. 
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Caisson Sickness and Compressed Air—I 


The Cause of the Trouble and the Rationale of Its Treatment 


ATTENTION was first called to caisson disease or com- 
pressed-air sickness in the middle of the last century, 
when Triger applied the use of compressed-air cais- 
sons to the sinking of coal shafts through the wet 
soil at Chalons on the banks of the Loire. Hoppe 
Seyler (1857) and Thomas Schwann (1858) in Ger- 
many, and Bucquoy (1861) in France, gave the first 
correct suggestion as to the cause, viz., that it was 
due to the setting free of bubbles of gas in the blood. 
Nitrogen gas is dissolved, according to the law of 
partial pressures, during exposure to the compressed 
air, and this dissolved gas having no time to escape 
through the lungs, if the pressure be suddenly low- 
ered, bubbles off just as carbonic acid escapes from 
aerated water when a bottle is uncorked. 

The voice of these men was as that of the prophet 
in the wilderness; the large majority of medical 
writers, ignorant of physical laws, held that exposure 
to compressed air mechanically alters the distribution 
of the blood, forcing it inward and causing a conges- 
tion of the viscera, which is suddenly and dangerously 
altered on decompression. 

In 1879 Paul Bert published his great work “La 
Pression Barométrique,” in which he described an 
admirably-contrived series of experiments on animals 
which proved, once and for all, (1) that the mechan- 
ical effects of compressed air are negligible; (2) that 
during exposure to 8 or 9 atmospheres there is no ill 
effect until the partial pressure of oxygen dissolved 
in the blood reaches such a point that it acts as a 
tissue poison; (3) that pathological accidents occur 
only after decompression, and are due to bubbles of 
nitrogen appearing in the blood and interfering with 
the circulation; (4) that these effects can be prevented 
by making the rate of decompression slow enough. 

After Bert’s death, Philippon and others in France 
confirmed his work, but in England, and particularly 
in America where many great caisson works were 
initiated, engineers remained in ignorance of Bert’s 
great work, and the mechanical theory held sway. In 
Germany Von Schrétter, Heller, and Mager published 
in 1900 a valuable work, in which they collected all the 
data then available. They established the clinical 
picture of compressed-air illness, and explained in full 
its protean nature, and showed how this depends on 
the ischemia produced by bubbles interfering with 
the circulation in one or other part of the body. In 
particular they demonstrated that the paralysis, so 
often produced (diver’s palsy), is due to a local death 
and degeneration of the spinal cord, produced by bub- 
bles blocking the circulation there. They laid down 
the principle that a uniform decompression at the 
rate of two minutes per 0.1 atmosphere was safe, bas- 
ing their calculations on a law of saturation and de- 
saturation of the body, which had been enunciated by 
Zuntz (1897). Two years earlier, in 1895, I began 
the experimental study of this subject in England, 
and by my experiments independently established the 
truth of Bert’s conclusions and overthrew the mechan- 
ical doctrines which were generally held here and 
in America. For the last fifteen years I have con- 
tinued researches on the subject, and I now propose 
to give you the chief results of these. Before doing 
so I may state that in 1899 Lorrain Smith greatly 
advanced our knowledge of oxygen poisoning by show- 
ing that very long exposure (for two days or so) to a 
partial pressure of 75 per cent to 100 per cent of an 
atmosphere produces a fatal inflammation of the lung, 
while short exposures to over 2 to 3 atmospheres of 
oxygen quickly produces the same effect (180 per 
cent of an atmosphere in twenty-four hours, 300 per 
cent in five hours). E. W. Moir reported that mules 
lived for a year in the Hudson Tunnel, where the par- 
tial pressure of oxygen was about 60 per cent of an 
atmosphere. They remained in perfect health. 

In 1907 Vernon made a very important contribu- 
tion by showing that oil or fat exposed to air takes up 
in solution over five times the volume of nitrogen 
and oxygen that water does. In the same year Hal- 
dane, with Boycott and Damant, for the Admiralty 
Committee on deep-water diving, made an equally im- 
portant contribution, in which they showed (1) that 
the deep-water diver hitherto had not been given a 
sufficient air supply and had in consequence suffered 
from excess of carbon dioxide. (2) That the legs of 
his dress required lacing up to prevent his being 
blown up helpless from the bottom by too big an air 
supply. (3) That the saturation of the body in com- 
pressed air was much slower than generally thought. 
(4) That safety lay in making the exposure a short 
one for deep-water work (previously insisted on hy 
Catsaras). (5) That it is safe to decompress rapidly 
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from the maximum absolute pressure to half this pres- 
sure, the second stage of decompression being made 
slow enough to allow the supersaturated blood to give 
up the nitrogen to the lungs. 

After this brief introduction I will give an account 
of the chief experiments I have made with the help of 
first one and another colleague—J. J. R. Macleod, C. E. 
Ham, M. Greenwood, F. Twort, and H. B. Walker. 

Disproof of Mechanical Theory.—(1) I inclosed a 
frog’s heart in a small chamber with thick glass win- 
dows, and showed that it continued to contract in a 
normal manner at a pressure of even 50 atmospheres. 
Similarly I showed that a frog’s muscle could be ex- 
cited to contract normally in like conditions. (2) In 
caterpillars, air is conveyed directly to the body cells 
by finely branching trachee. Their circulating liquid 
is not respiratory in function. Sudden decompression 
from 27 atmospheres had no ill-effect on these, unless 
they had eaten leaves while under pressure. Then 
they were burst by the swelling of the swallowed 
bubbles (Greenwood). (3) I inclosed a narcotized dog 
or cat in a pressure chamber, having first connected its 
carotid artery with a mercurial manometer, and set 
the manometer recording on a clockwork drum, the 
manometer and drum both being put ingide the cham- 
ber. I showed that the blood pressure and pulse beats 
exhibited no noteworthy change on raising or lower- 
ing the pressure 2 to 3 atmospheres (confirmation of 
Bert). (4) I contrived a chamber with glass win- 
dows, in which I placed a frog so that the web of its 
feet might be illuminated with an arc light and pro- 
jected microscopically on to a screen. I found that 
the circulation in the capillaries did not alter when 
the pressure was raised quickly or lowered 20 atmos- 
pheres and even 70 atmospheres. 

Proofs that Nitrogen Bubbles are the Cause of the 
lilness.—(1) By the same means I demonstrated both 
the setting free of nitrogen bubbles in the blood on 
decompression, and the fact that they can be again 
driven into solution by recompression—for on sud- 
denly decompressing after a long exposure I had the 
keen pleasure of seeing the bubbles appear in the 
capillaries, grow in size and stop the circulation, to 
shrink and disappear again on putitng up the pres- 
sure. This experiment was repeated by Sir Thomas 
Oliver. (2) Macleod and I inclosed narcotized dogs 
in a pressure chamber, having first connected the 
carotid artery to a tap so that we could draw off sam- 
ples of blood into a vacuum pump and analyze the 
blood gases. We then confirmed Bert’s observations, 
and showed that the nitrogen dissolved in the blood 
varies with the partial pressure, roughly 1 per cent cf 
nitrogen is dissolved per atmosphere. By the same 
method we studied the giving-off of nitrogen from 
the lungs during decompression. (3) C. Ham and I 
killed rats by rapid decompression from 10 atmos- 
pheres, and chopped up their bodies under water, col- 
lecting the gas set free in their bodies under a funnel 
full of water. We found 80 to 90 per cent of the gas 
was nitrogen, and the rest chiefly carbon dioxide with 
a trace of oxygen, e. g., 10.7 to 16 per cent CO,, 2.1 to 
4 per cent O, 87.2 to 80 per cent N. The gas obtained 
was more than there ought to have been according to 
the law of partial pressures and the volume of water 
in the body. This excess we found was partly due to 
gas, swallowed or set free by fermentation, in the ali- 
mentary canal. Part of the excess, no doubt, was due 
to the greater solubility of nitrogen in fat, a fact then 
undiscovered. (4) We killed mammals by rapid de- 
compression, and, opening the right side of the heart 
under water, analyzed the gas obtained and showed 
it was 80 to 90 per cent N, the rest being carbon diox- 
ide with only a trace of oxygen. The carbonic acid 
escapes from the blood because the nitrogen set free 
acts as a vacuum in regard to CO,. The oxygen chemi- 
cally unites with and is used up by the blood, and 
therefore is only found in small amount (confirma- 
tory of Von Schrétter). (5) Greenwood and I showed 
that rats and frogs, if submitted to high pressures of 
oxygen until poisoned by it, and then rapidly decom- 
pressed, have considerable amounts of dissolved oxy- 
gen set free in their bodies. This never occurs with 
low pressures of air, and oxygen bubbles are not a 
factor in caisson sickness. (6) We also showed that 
animals killed by decompression in 3 to 5 seconds 
from + 7 to 8 atmospheres have gas bubbles in the fat 
droplets of the tissue cells, such-as the liver and 
kidney, which actually vacuolize and disrupt the struc- 
ture of the tissue cells. The liver and kidney may 
appear foamy with bubbles in such a case. The fat, 
too, in all cases of rapid decompression, is honey- 
combed with bubbles, like whisked white of egg. 
Alveoli of the lungs, too, may be ruptured and lobules 


rendered emphysematous by the violent expansion cf 
the air within them. Much gas is set free in the aij- 
mentary canal, and in small animals, as the rat, with- 
in the peritoneal cavity. The blood vessels are filled 
with columns of bubbles. Such a distribution of cas 
may be found in men killed by bursting of caissons. 
(7) Comparing big rats with small rats, pregnant with 
virgin rats, and mice with rats, we found the danger 
of rapid decompression increases with body weight, 
An herbivorous animal, the guinea-pig, too, is more 
susceptible than a kitten of the same weight. A. 
Smith found the heavier and older men more suscep- 
tible at the Brooklyn works. 

Boycott and Damant have since shown that the risk 
varies as the fatness of the animal. This we have 
recently found to hold good with pigs. Fat pigs 
weighing 100 to 120 pounds are more susceptible than 
smaller pigs of 50 to 60 pounds. The bubbles once 
set free in the fat of pigs may stay there for days 
after decompression, as we have found to our cost, 
for it has seriously damaged the sale of the animals 
to the butcher, since the fat does not bleed properly 
and remains pink. 

Vernon showed that fat exposed to 1 atmosphere dis- 
solves about five times the amount that water does. F. 
Twort and I have shown that this holds good up to7 
atmospheres. 

The following are the figures we obtained: 

Fifty cubic centimeters olive oil (specific gravity 
0.917) were shaken at +95 pounds for 38 minutes, and 
allowed to stand at +95 pounds for 2% hours. Room 
temperature, 17.3 deg. C. (63 deg. F.). The gases 
were then extracted from a sample. 


Volume of Gases (N. T. P.) Caleulated on Vernon's results 


N 35.55 39.21 
O 18 17 
Co, 1.62 1.491 


Time spent in collecting sample, 1 minute. Pressure 
fell 2% pounds during collection. The rest of the oil 
was left for three days at +92 pounds, falling to 
+84.5 pounds. The sample gave: 


Volume of gases (N. T. P.) Calculated on Vernon's results 


N 33.61 35.53 
O 15.56 15.4 
CoO, 1.55 1.35 


The oil gave a slow evolution of visible bubbles after 
reduction of the pressure in 10 minutes from +90 to 
+20 pounds, even without any oscillation of the 
chamber. All the results give further proof that fat 
men should be excluded from caisson work. The 
varying percentage of fat in the blood, chyle, liver, 
must be an important factor in the evolution of bub- 
bles in the blood of compressed-air workers. The less 
fat in the food eaten in the caisson the better. 

Oxygen Poisoning.—(1) I showed that all kinds of 
animals, worms, snails, flies, spiders, frogs, etc., are 
instantly convulsed and killed by exposure to 50 
atmospheres oxygen. (2) The frog’s heart beats, 
nerve conducts and muscle contracts for some time in 
50 atmospheres O, but there is evidence of progressive 
diminution in functional power, the muscle behaving 
like a fatigued muscle. The central nervous system 
is, as Bert showed, the first point of attack of high 
pressures of oxygen. (3) Mice exposed to 10 atmos- 
pheres O are thrown into tetanic spasm, and on being 
decompressed continue to be convulsed by a touch. 
Bubbles of oxygen are to be then found in the central 
nervous system compressing the nerve cells. As the 
bubbles are oxygen the cells do not die and the ani- 
mals may recover, the oxygen being absorbed by the 
tissues and the circulation reestablished. (4) +3 
atmospheres O convulsed animals in 30 to 60 minutes, 
and the poisonous effect, depending as it does on the 
partial pressure of O in the blood, comes on just as 
soon in larger animals as in small, e. g., cats, rats, 
and mice. (5) Fatal inflammation of the lung is pro- 
duced by exposure to high partial pressures of oxys*0, 
e. g., after 25 hours continuous exposure to +7 atmos- 
pheres of air = 170 per cent of an atmosphere 0. 
This can be prevented by using nitrogen to dilute the 
air, and so lowering the partial pressure of oxygen. 
(6) It is quite safe to breathe 1 atmosphere oxys®?, 
or 5 atmospheres air, for three to four hours. ‘The 
men who wear the Fleuss apparatus’ for rescue work 
in mines have breathed it day after day for this 
period. I have spent much time in perfecting this 
apparatus on physiological lines, and so have studied 
particularly the effect of oxygen on man. In very 
hard work there may be a deficiency of the oxyse® 
supply in the body, and then breathing oxygen be!ps 
the working power of the man. 

If the body is getting enough oxygen the breathing 
of it has no effect on the metabolism. The res!'28 
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man cannot be fanned into a greater rate of activity 
by br: ithing oxygen. Poisonous pressures of oxygen 
lower ‘he metabolism and diminish the carbonic acid 
outpu: of animals. M. Flack and I showed that the 
preath ng of oxygen just before a race may help an 
because during his great effort he uses 


let 
“4 oxyzen quicker than his respiration and circula- 
tion can provide it. A shortage of oxygen leads to the 
production of acid products in the tissues and blood, 
which -auses breathlessness and stiffness of the mus- 
cles (ityffel). 

Diowide and Temperature of Air in Cais- 


sons. Much as been made of co, as a contributory 
cause of caisson disease. Mr. E. W. Moir, the dis- 


tinguished engineer, one who has the greatest prac- 
tical \nowledge of compressed-air work, has drawn 
particular attention to this. M. Greenwood and I have 
exposed ourselves to compressed air and allowed the 
partial pressure of CO, to rise to 1.8 per cent of an 
atmosphere, without any inconvenience. We have ex- 


posed cats and dogs to as much as 4 per cent CO, with- 
out untoward results, beyond increased frequency of 
respiration. Recently 1 have carried out many cx- 
periments on students sealed up in a small air-tight 
chamber, and found that it is the heat, moisture and 
stillness of the air which cause discomfort and fatigue, 
and not the excess of CO,, or deficiency of oxygen in 
the air breathed. The putting on of powerful electric 
fans by whirling the air and cooling the body gives 
very great relief, even when there is 4 to 5 per cent 
of CO, in the chamber. 

Hot, moist, still air causes fatigue by taxing the 
cooling mechanism of the body; blood is sent to the 
skin to be cooled which ought to be going to muscle 
and brain; a higher blood-pressure has to be main- 
tained to effect this, and this fatigues the heart. Fa- 
tigue increases the danger of decompression by ma- 
king the circulation and respiration less efficient. The 
heat causes more blood to come to the skin and a 
more complete saturation with nitrogen there. The 
cold in the decompression chamber—due to expansion 
of the air—causes vaso-constriction and repels the 
blood from the skin and so stops its desaturation. 
We have lost pigs by taking them from the warm cais- 
son into the cold air. 

Over hot and moist—that is, under-ventilated—cais- 
sons have, therefore, a higher morbidity. The wet- 
bulb temperature must be kept below 75 deg. F., and 
if possible well below 70 deg. F. (Haldane). The men 
should not pass from a warm caisson to a cold air-lock 


and a cold outside world. They should go through a 
warm lock to a warm room. 

Hot moist atmospheres are very disadvantageous 
to health and work. If the wet-bulb temperature is 
high in the caisson, the current of air should be In- 
creased or electric fans used to cool the workers. 
Electric fans have enormously increased the efficiency 
and health of Europeans in the tropics. (2) An ex- 
cess of CO, in the air-lock, or diver’s helmet, during 
decompression is favorable, as it increases the pul- 
monary ventilation and the outbreathing of nitrogen. 
Haldane advises the air-pump to be slackened pur- 
posely. There is no harm in breathing 0.5 to 1 or 
even 2 per cent of an atmosphere of CO, (3) The 
diver requires, as Haldane showed, one, two, three, and 
even four pumps to maintain an adequate ventilation 
in his helmet as he goes deeper. If there is four times 
as much air compressed in his helmet he must have 
four times as much air pumped through to wash out 
the CO, and prevent him becoming breathless with 
excess. The working of three or four pumps means 
many men and much labor. I have suggested in place 
of many pumps the use of a chamber containing caus- 
tic soda carried on the back of the diver, and an [n- 
jector on the inlet of the helmet, so arranged as to 
suck the air in the helmet through the caustic soda 
and absorb the CO,. Messrs. Siebe, Gorman & Co. 
have made the first trials of this suggestion. One 
pump with this device should be enough for deep work. 

R. H. Davis, of the above firm, and I have contrived 
also a self-contained diving-dress fitted with cylinders 
containing 60 per cent oxygen, and a caustic soda 
chamber. The oxygen supply lasts an hour, and the 
same injector plan is used in this dress to purify the 
air. A telephone wire, but no life-line or air-pipe is 
carried, and this makes the dress suitable for explora- 
tion of flooded mines, tunnels, etc. By using 50 per 
cent oxygen there is no risk of oxygen poisoning if 
the dress is used at depths not exceeding seventy to 
eighty feet (Haldane). It would, I think, be safe to 
use it at 100 feet for half an hour. 

Recompression as a Cure.—Macleod and I found that 
we could restore animals on the point of death, after 
too rapid a decompression, by quickly recompressing 
them to the former pressure. Dangerous cases brooked 
no delay, for the vital parts cannot stand interruption 
of the circulation for more than a very few minutes. 
On the frog’s web I observed how the bubbles shrink 
up on recompression and expand again on decom- 
pression. 
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F. Twort and I have observed microscopically, and 
measured bubbles set free in water or oil, after decom- 
pression from +90 pounds. On recompression the 
bubbles shrink and the volume, calculated from the 
diameter, varies inversely as the pressure, following 
Boyle’s law. The surface tension of the skin of the 
bubble has no noteworthy disturbing effect. The 
bubbles appear as small ones, about 0.1 to 0.2 milli- 
meters; they form round dust particles and rough- 
nesses of the wall, and run together to form larger 
ones. On recompression, some of these bubbles per- 
sist when the pressure is raised again to +90 pounds, 
and enlarge again on lowering the pressure. This 
shows why, after recompression of a case of cais- 
son sickness, the decompression must be made very 
slowly. 

A. Smith suggested the use of a medical lock or 
recompression chamber at Brooklyn. In the first 
French caissons it had been noted that the men went 
back into the caissons to get relief from bends. 

E. W. Moir instituted the medical lock in all the 
works in his charge, brought it into prominence, and 
by its means has effected great saving of life and 
suffering. Some of the cases he has kindly reported 
to me have been in truth of men raised from the dead. 

For deep-diving work I contrived with Messrs. Siebe, 
Gorman & Co. a decompression chamber. This con- 
sists of a double-chambered diving-bell, one chamber, 
A, open at the bottom to the sea, the other, B, closed 
save for a manhole communicating with A. The bell 
is lowered to the bottom, and the divers, after com- 
pleting their work, enter A, and from thence pass into 
B and close the manhole. The bell is then raised cn 
deck and B is slowly decompressed. A recompression 
chamber ought to be on hand in all important deep- 
sea diving works. The men engaged in caisson works 
—run at dangerous pressures—should have barracks 
at the works, and remain there after the shift so 
that they may be at once recompressed on first sign 
of illness. The onset of illness is often delayed even 
for an hour or more, for it depends on the accumula- 
tion of bubbles and stoppage of the circulation in 
some vital part. 

In experiments on pigs we have several times lost 
the animals on their way home to the farm, after we 
had, as we thought, safely decompressed them. We 
have failed to cure pigs, dangerously affected, by re- 
compression, when the interval has been more than a 
very few minutes. 

(To be continued.) 


Heredity in Insanity 


The Mendelian Inheritance of Psychic Defects 


Tue Eugenics Record Office has recently issued its 
Bulletin No. 3, entitled “A Preliminary Report on 
the Study of Heredity in Insanity in the Light of the 
Mendelian Laws.” The authors are Gertrude L. Can- 
non, A.M., and A. J. Rosanoff, M.D. The following 
paragraphs, taken from the report, show how very 
important are investigations of this character: 

“Insane hospital statistics show plainly that 
heridity has much to do with the causation of certain 
forms of nervous and mental disease. Yet we know 
but little of the exact conditions under which such 
disease is transmitted from parent to offspring. The 
object of the present research has been to accumulate 
and examine such data as may serve to throw some 
light upon this obscure problem. 

“It has been shown that the laws governing the 
transmission of traits by heredity, as established by 
Mendel, hold good not only for plants and the lower 
animals, but also for man, at least as regards certain 
characters, such as color of hair and color of eyes. 
In view of this fact our problem has assumed for us 
a more definite form. It is simply: Are any of the 
forms of nervous and mental disease transmitted from 
generation to generation in accordance with the Men- 
delian laws?” 

One of the first facts that appeared in the study of 
the pedigrees considered by the authors was “that 
any form of insanity or even all the forms of heredity 
insanity do not constitute an independent hereditary 
character, but that they are closely related to imbe- 
cility, epilepsy, hysteria, and various mental eccen- 
tricities that are not usually included under the desig- 
nation insanity. In other words, the distinction be- 
tween these conditions as clinical entities cannot, 
in the light of their manner of origin, be regarded as 
deeply essential.” 

The authors found “as manifestations of the neu- 
Topathic make-up in closely related persons cases of 
feeble-mindedness, convulsions in childhood from 
trivial causes or chronic epilepsy, cases of grave hys- 
teria, various eccentricities, cases of dementia precox, 
Maniac-depressive insanity, paranoic conditions, in- 
Volutional psychoses, and the like. 


“It is not to be assumed, however, that what we 
have called the neurophatic make-up constitutes the 
basis of all the clinical forms of nervous and mental 
disease; for on the one hand, some of these condi- 
tions, like general paresis or alcoholic polyneuritis, 
are probably purely exogenous in origin, and, on the 
other hand, others, like Huntington’s chorea, are 
plainly independent Mendelian characters. 

“The pedigree charts contain a number of instances 
of neuropathic children born of normal parents, but 
not a single instance of a normal child born of parents 
both of whom are neuropathic. 

“This proves that the neuropathic make-up cannot 
be dominant over normal; but that if its transmission 
occurs at all in a manner corresponding to the Men- 
delian laws, it must be recessive to normal.” 

In the discussion which took place at the New York 
Neurological Society, Prof. Charles B. Davenport, of 
the Carnegie Institution, started that the data col- 
fected offered a decided advance over those that had 
been collected before. Hitherto such information had 
been obtained largely from parents or guardians, with 
the result that the truth was rarely reached. In con- 
sequence, a patient’s family history, as gathered in a 
hospital, has little value. Miss Cannon and Dr. Rosa- 
noff made an attempt to employ the best scientific 
methods, that is, to find out the exact facts at what- 
ever cost of time and expense. As a general rule, the 
investigator became a friend of the family, and thus 
discovered the real conditions by more or less inti- 
mate conversations. 

Prof. Davenport pointed out that the school for 
feeble-minded at Vineland, N. J., “now employs four 
of these field workers, and as the result of their in- 
vestigation they are getting to a point where they 
begin to realize that none of these cases of feeble- 
mindedness or imbecility are isolated; that all of them 
have arisen from an ancestry which on both sides is 
neuropathic. Epilepsy is being studied in the same 
way in the State institutions for the care of such 
patients at Skillman, N. J., and Palmer, Mass., where 
they have, in each case, one worker in the field, and 
only recently those in charge of the Crocker Cancer 


Fund of the Columbia University have decided to 
adopt the same plan in studying the family history 
of those who suffer from cancer. 

The second advance in the paper of Miss Cannon and 
Dr. Rosanoff relates to the method of studying the 
data they have collected. Hitherto, in studying the 
data of these cases, it had been considered imprac- 
ticable to get the law of inheritance from a single 
family, and the practice had been to lump the data, 
and say, for example, that in one hundred cases of 
insanity, a distinct inheritance was found in thirty- 
five. This method of lumping the data had not been 
generally satisfactory, and of no practical use in pre- 
dicting what would be the outcome of the children 
of a particular mating, nor was it of any particular 
value in explaining how a particular insane patient 
came to exist. The present method avoided this 
massing of the data by boldly attacking each family, 
and recognizing that the insanity was due to a par- 
ticular combination of maternal germ-plasms. This 
gave an entirely different value to the study of her- 
edity and enabled us to say that a particular mating 
would necessarily give rise to such and such a propor- 
tion of insane offspring, or that a certain insane pa- 
tient must have had insanity in both the maternal and 
paternal germ-plasms. 

One remarkable fact that had been brought out was 
the close relationship between different forms of amen- 
tia-dementia precox, maniac-depressive insanity, senile 
dementia, does not depend on the absence of different 
kinds of units. The same rules of inheritance held 
good for epilepsy and feeble-mindedness, namely, that 
two feeble-minded parents could have only feeble- 
minded offspring. and that two epileptic parents could 
have only feeble-minded or epileptic offspring. Many 
of the statistics which had been collected hitherto 
did not bear, as they had been thought to bear, upon 
the question of causation of these various mental de- 
fects. For example, statistics had been collected upon 
the alcoholic habits of the parents, upon their nutri- 
tional defects and clinical history, but we now know 
that no matter under what conditions the children 
were born, whether under favorable or unfavorable 
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conditions, the statistical results remained practically 
constant and the same. 

Prof. Davenpert in his discussion pointed out that 
in the case of the feeble-minded environment did 
play a small part; in the case of insanity, a larger 
part. Both environment ahd the neuropathic condi- 
tion of the protoplasm were active factors in the 
production of insanity. An unfavorable environment, 
falling upon an individual with an inherited weak- 
ness, resulted in a mental breakdown. The result was 
always due to the combination of the environment 
and the protoplasm. The disease itself was not in- 
herited; only the weakness, and the disease made its 
appearance only when some stress of life fell upon 
such a weak protoplasm. 


The Abolition of Postage Stamps. 

We had occasion a short while ago to refer in the 
Screntivic American to a proposal which has been 
made to render unnecessary the use of postage stamps. 
The plan suggested is that the consumer should have 
in. his residence a kind of meter, which serves the 
double purpese of placing an official stamp or mark 
upon each letter inserted, and of, at the same time, 
registeriag the number of letters thus treated. 

The post office would periodically send an agent, 
who, like the gas meter inspector; would note the 
number registered by the machine, and a bill would 
be sent to the consumer in the regular course of 
events. 

In a recent number of Die Umschau O. Rieck tells us 
that the plan has passed the mere stage of tentative 
suggestion, and that it has been actually carried into 
effect in New Zealand. 

In the year 1904 the Automatic Stamping Co., Ltd., 
received permission from the postmaster-general to 
put up fifty such stamping machines in public places 
at Christchurch, Dunedin, Invercargill and Welling- 
ton. Bhortly after the number of authorized machines 
was inmereased to one hundred, and in 1907 it was 
again doubled. They all gave perfect satisfaction. 
They were used exclusively for domestic mail and 
telegrams. The sale, re-sale and letting out of the 
machines is subject to the approval of the postmaster- 
general. The machine is made to stamp amounts of 
%, 1, 3, 6 pence and 1 shilling. The figure indicating 
the value is enclosed in a design bearing the inscrip- 
tion “New Zealand, postage paid.” Each stamping die 
bears a mark by means of which it is possible to de- 
termine the machine from which a given impression 
originates. 

The ink used contains certain chemicals, which 
make it comparatively easy to detect any possible 
fraud. The counterfeiting of the stamp marks is 
punishable by law with a fine of $500 or one year’s 
imprisonment. 

The first machines put out were built on the prin- 
ciple of the penny-in-the-slot machine. After insert- 
ing a gold coin impressions to the value of £1 sterling 
could. be taken. The machine was then automatically 
locked and could be released for use only by the in- 
sertion of a new coin. The coin chest was emptied 
at intervals by the post office. It was, however, found 
that the considerable amounts of money locked up in 
this way acted as a stimulus attracting burglars, and 
for that reason the coin-in-the-slot system was aban- 
doned and a registering system adopted in its place. 
In order to stamp a letter, a handle is depressed, 
much in the same way as in any cash register. The 
machine is set initially at zero, registers the amounts 
of each impression, and indicates upon a dial the total 
reached. The register goes up to the value of £20 
sterling; after this it returns to zero. The amounts 
registered are collected by the post office from time 
to time, 

There can be no doubt that these stamping machines 
are open to further improvement and will find appli- 
eation in other countries also. While the labor of 
pasting on the stamps has of recent years been greatly 
reduced by the introduction of stamp affixing ma- 
chines, the advantage of the post marking machine 
to the Post Office lies in the saving of postage stamnps, 
which represent a considerable item of expenditure, 
to say nothing of the labor involved in cancellation. 
On the other hand, large business firms gain an ad- 
vantage through the fact that it beeomes unnecessary 
to keep a reserve of stamps, which, as sad experience 
shows, form an attractive opportunity for petty theft. 
Unfortunately, the post marks made by these ma- 
chines are not at present officially recognized for 
international postage. Perhaps the hope may be ex- 
pressed that the new method may receive official 
sanction for postage among the members of the Union. 
In fact, it is not unreasonable to suppose that one 
reason why other countries of the Union have not 
followed New Zealand’s example lies in the fact that 
at the next Congress special specifications may he 
drawn up with regard to the particular form and 
color of post mark to be used, and it would of course 
be very inconvenient if the machines already installed 


did not comply with the regulation. With the inno- 
vation is introduced,,the post offices of the different 
countries must not follow the example of New Zealand 
in restricting the use of the machines to large scale 
consumers. Considerations of economy would lead to 
an arrangement by which persons and various estab- 
lishments which only occasionally send large consign- 
ments will have placed at their disposal free of 
charge a stamping machine located at the nearest 
post offices. 


Electrical Notes. 


An Electrically Heated Fireless Cooker.—Austin C. 
Dunham, of Hartford, Conn., has patented, No. 1,001,- 
627, an improvement in the art of cooking, which con- 
sists in heating a fireless cooker by providing in the 
cooker a heating element in the form of an electrical 
heating resistance of small capacity and continuously 
supplying this resistance with a constant quantity of 
electrical energy sufficient only to maintain a cooking 
temperature in the cooker. 


Oil Circuit Breakers.—Whenever a high-tension cir- 
cuit carrying an appreciable current is opened in oil, 
gases are generated. These expand and rise, and tend 
to force the oil owt of the containing vessel. With 
the presence of air they also form an explosive mix- 
ture, and either explode, or burn for a considerable 
length of time when ignited. It is important, there- 
fore, that oil circuit breakers should be provided with 
strong oil-containing vessels in order that they may 
withstand the high initial stresses which are often 
present under certain conditions, and also that suitable 
provision be made for retaining the oil.—The Engi- 
neer. 


Fessenden Patents.—Improvements in wireless tele- 
graph form the subjects of four patents Nos. 1,002,049 
to 1,002,052 to Reginald A. Fessenden, assignor 
to National Electric Signaling Company of Pittsburg, 
Pa. The patent, No. 1,002,049, was issued on an appli- 
cation filed August 8th, 1903, and was thus pending 
in the Patent Office more than eight years. Mr. Fes- 
senden has also obtained another patent, No. 1,002,141, 
assigned to the same company, for an apparatus for 
determining the position of vessels, comprising a serics 
of fixed stations having means to send out signals of 
predetermined character, a receiving device on the 
vessel] to receive said signals and a means to measure 
their intensity 4s received relative to a standard signal 
of known character. 


Stray Current Damage.—Hlectrolysis troubles due to 
stray currents were recently considered in a paper 
read by Dr. P. A. Herdt. He points out that the 
proper method of preventing electrolysis is to reduce 
stray currents to a minimum, and that the remedial 
scheme advocated by some, to bond the track with 
the water and gas pipes, although it may afford local 
protection, increases the amount of stray current, aad 
as a result the practice should not be encouraged. The 
cure for electrolysis trouble, he contends, should be 
provided by the electric traction companies, for the 
owners of underground pipes, ete., can do little, if 
anything, in the way of eliminating the trouble. He 
recommends that a high conductance return circuit 
should be provided by good bonding of the rails and 
the use of an adequate number of feeders. There should 
be proper bonding and cross bonding at all track !n- 
tersections, and sub-stations should be erected at prop- 
erly selected points along the track to limit the ount 
of current through the rails. The emsstadettll sys- 
tematic inspection of track returns is also emphasized. 
—The Engineer. 


Inclosed Fuses.—The principal objections raised 
against inclosed fuses are mainly questions of cost, 
the impossibility of inspecting the fuse wire, and the 
difficulty of ascertaining with certainty when the fuse 
has blown. The first-named objection appears to be 
almost wholly fictitious if account is taken of the fre- 
quency with which not only the fuse wire of an open 
fuse is melted, but the holder itself is either cracked 
or so fused as to be useless. Engineers do not seem 
fully to recognize how much more severe in many 
cases is the effect of fusion produced by a heavy grad- 
ual overload at full voltage as compared with the 
effect of a severe sudden short circuit. Fuses of the 
china holder type are often reduced to a useless condi- 
tion by an overload, whereas they may withstand re- 
peated short circuits of a severe character without 
great damage. This is attributable partly to the fact 
that when fusion occurs on an overload the fuse wire 
melts at the center and an arc is drawn out, and partly 
to the fact that the voltage is maintained on an over- 
load, but a short circuit usually causes a main circuit 
breaker or another fuse to operate simultaneously, so 
that the circuit is broken in several places. The fact 
that a gradually increasing overload heats: up: the 
fuse fitting and diminishes its power of cooling the 
are and vapors is also influential.—The Engineer: 
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Eagincoving Notes. 


Blectric Railroad for Southern Prance.—Acco: djing 
to plans reeently adopted, about 300 miles of electrte 
railroad .will-be-installed in the French Pyrene«s by 


- the. Southern Railroad Company. There are a jum. 


ber of mountain lakes lying at elevated pofiits which ” 
are to be called upon.to furnish the current, and jg 
some cases dams will be built so as to form extensive 
reservoirs. One of the electric plants located at 
Sousoneou is to give a large part of the current for 
the electric railroads, and it will be supplied from 
an artificial lake formed by erecting a 400-foot dam 
of 100 feet height across the valley. This will supply 
about 20,000 horse-power to the turbine plant. The 
electric locomotives which are to be used on the raj 
roads will be designed on the single-phase system, 
using a high voltage of 12,000 volts on the trolley 
wire, transformers being carried on the locomotives 
so as to reduce this to 285 volts for the motors. The 
locomotives will be fitted with four single-phase motorg 
of the 125 horse-power size. 


Water.—Paris secures its water supply from a num- 
ber of small streams of fresh water, some of which 
lie at quite a distance from the city. One of these ig 
the Vanne, but owing to an accident to the conduits, 
the supply from this source had to be cut off for q 
time. This caused a lack of water just in the hot 
season and caused much inconvenience; the water 
mains having to be closed from midnight until 6 
o'clock. M. Delanney, the new Preféct of the’ Seine, 
rose to the emergency by putting into use an unocen- 
pied pumping plant at St. Baur to supply water from 
the Marne River, which empties into the Seine near 
Paris and is much cleaner. But it: had: to be well 
purified for drinking purposes, and this was done ac- 
cording to the instructions of Dr. Roux, chief of the 
Pasteur Institute. About 7,500;000: of! Marne 
water per day had-~to-be- treated: -The water >is first 
passed through three separate gravel: ‘filters . covered 
with a light cement layer and-supported: on iron grat- 
ings. After the last’ basin comes a ‘tank. which sup- 
plies hypochlorite of soda drop by. drep into the’ water 
stream, thus effecting very satisfactory’ sterilization. 
After this treatment the river water is found to be as 
free from microbes as spring water, and at present it is 
being supplied to the Paris mains. All this. work was 
carried out within a few days, owing to the energetic 
action of the new Prefect, and this ‘is much appre- 
ciated on the part of the population: 


Transmission of Heat Through Insulating Materials 
Used in Refrigerating Plants.—Fr. Mauro gives re 
sults of a series of experiments made by him on this 
subject. He employed a double-walled cubical re- 
ceptacle in hj tests, the insulating material being 
packed in the space between the walls, and the inner 
box being filled with a known weight of ice. By as 
certaining the time required to melt the ice, it was 
easy to determine the value of the coefficient K in the 
formula: B.T.U. transmitted per hour through the 
insulating material per deg. F. difference in tempera- 
ture between the two. sides of the material — Area of 
the surface in square feet X K -+ Thickness in inches 
of the material tested. The values of K found for the 
various materials used are as follows: 

Values of K at 32 Deg. F. 


—Industrial Engineering. 
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